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from maltose. 


THE SUGARS OF MUSCLE. By W. A. OSBORNE 
AND 8S. ZOBEL. | 


(From the Physiological Laboratory, University College, London.) 


THE statement in many text-books that the carbohydrates of muscle 
are confined to glycogen and dextrose rests exclusively upon the 
researches of Panormoff'. If however it is conceded that the dextrose 
is produced in whole or in part by the breaking down of the glycogen, 


_ the presence of intermediate products such as dextrins and maltose 


must be expected. Panormoff was aware that Pavy* had looked upon 
maltose as a probable constituent of muscle but he failed to detect the 
presence of this sugar in aqueous extracts of muscle substance. He 
found, however, that besides dextrose there was another body present — 
from which a crystalline osazone with a melting point of 153°—155° 


could be obtained. This substance, though its exact nature and con- 


stitution were unknown, was, in his opinion, something totally distinct 


In 1901 Pavy and Siau’* confirmed .Panormoff’s results as 


_ regards the presence of dextrose but made the conjecture that the 


osazone with the low melting point might be identical with Lintner’s 
“isomaltosazone ” which as Brown and Morris‘ first showed, is simply 
maltosazone altered in crystalline form and in melting point by the 
amorphous osazone of a dextrinous body. 

The object of the following research was to find out whether any 
similarity exists between the sugars found in muscle and the products 
obtained when glycogen is subjected to the action of a diastatic 
enzyme. 


1 Zeit. f. physiol. Chemie, xvi. p. 596. 1893. 
2 Lancet, 1. pp. 5, 43. 1881. 

This Journal, p. 282. 1901. 

* Trans. Chem. Soc. p. 702. 1895. 


nt 
‘4 } 
he 
‘ 
= 
= 
a 
> 
x3 
4 
£ 
i 
l 
og 
» 


2. W. A. OSBORNE AND S. ZOBEL. 


Hydrolysis of glycogen. 


The formation of “isomaltose,” then believed to be a chemical: 
individual, was observed by Kiilz and. Vogel’ when glycogen was 
acted upon by parotid saliva, mixed saliva, pancreatic juice or glycerin 
extract of pancreas. The experiments were repeated in part by us in 
order to ascertain the nature of the end products given by different 
diastases. In each case a 0°5°/, solution of glycogen was used, the 
reaction was always noted, a quantity of toluol sufficient to form a thick 
layer on the surface was employed as an antiseptic, and the mixture was 
allowed to stand three days in an incubator at a temperature of 37°. 
At the end of the third day the mixture was boiled, and, after removal of 
the toluol by filtering through a wet filter and by subsequent boiling, was 
tested for sugar by the phenyl hydrazine reaction. By a series of 
careful controls performed with pure dextrose, lactose, and maltose, and 
mixtures of dextrose with maltose or lactose, we found that as regards 
speed of formation and purity of the osazones the best results were 
obtained when the following procedure was adopted. A small quantity 
of phenyl hydrazine (roughly adjusted to the strength of the sugar 
solution) was dissolved in a ten-fold volume of a mixture composed 
of glacial acetic acid 200 gr., sodium acetate cryst. 100 gr., water to a 
litre. To this solution of the acetates of phenyl hydrazine and sodium 
a double volume of dilute sugar solution was added, and the mixture 
placed in the water bath at 100°. The first appearance of glucosazone 
occurs with this method after ten minutes have elapsed. 

1. Glycogen 100c.c. and malt diastase 0°1 gr., reaction neutral, 
gave as final product a sugar yielding an osazone in spherical aggregates 
of small needles which after recrystallising twice from hot water 
melted at 153°. This sugar we may call “isomaltose.” 

2. Glycogen 100c.c. and Taka diastase 0°1 gr., reaction neutral, 
gave a mixture of “isomaltose” (melting point of osazone = 152°), dextrose 
and traces of another sugar which we found to be a constituent of the 
diastase. 

3. Glycogen 100 c.c. and mixed saliva 10 c.c., reaction very faintly 
alkaline, gave a small quantity of dextrose but chiefly “ isomaltose,” 
melting point of osazone = 153° *. | 


1 Zeit. f. Biol. xxx1. p. 108. 1894. 


2 This experiment was repeated, ah antiseptic. 
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SUGARS OF MUSCLE. | 


4, Glycogen 400c.c. and dog’s pancreatic juice 10c.c.', reaction 
faintly alkaline, gave “isomaltose” alone, melting point of osazone = 153°. 
This “isomaltose” solution was poured into a double volume of alcohol * 
and treated in a manner subsequently to be described. 

The osazones given by the end products of the Taka diastase 
hydrolysis resembled those obtained from muscle ‘so closely, that we 
allowed this ferment to act on a larger quantity of glycogen. One 
litre of 0°5°/, glycogen to which 0°1 gr. Taka diastase and a few drops 
sarcolactic acid* were added was shaken up with toluol, covered by 
a deep layer of this reagent and let stand 16 hours at a temperature of 
$7°. The mixture was then boiled, freed from toluol and evaporated 
under diminished pressure to a volume of about 200c.c. A portion of 
this solution was tested with phenyl hydrazine. Typical glucosazone 
crystals were obtained which were removed by filtering whilst hot. On 
cooling the filtrate slowly‘ a rich yield of “isomaltosazone ” crystals was 
obtained which, recrystallised three times from hot water (85°), melted 
at 152°. The remainder of the solution was poured into a double 
quantity of alcohol, allowed to stand some time and filtered. The pre- 
cipitate was washed repeatedly with 66°/,’ alcohol and the filtrates 
united and a portion evaporated in vacuo to a syrupy consistence. 
The precipitate when tested with phenyl hydrazine gave a brown 
amorphous flocculent precipitate—no crystals were discernible. The 
evaporated portion of the filtrate, however, yielded besides glucosazone 
an osazone of the typical “isomaltose” form; when recrystallised 
three times from water at 85° it melted at 155°. The main: portion 
of the filtrate was treated with alcohol so that the alcoholic strength 
was 85°/,. The precipitate thus obtained when washed with 85°/, 
alcohol again gave no crystallisable osazone but the filtrate contained . 
besides glucosazone a sugar which again gave “ isomaltosazone,” this 
time melting at 176°. This 85°/, alcoholic solution was evaporated 
to a syrup and alcohol added until it was present to the extent of 92 °/,°. 

1 We are indebted to the kindness of Professor Starling and Dr Bayliss for the 
opportunity of obtaining pure pancreatic juice. 

* The alcohol used throughout the research was methylated spirit distilled over lime. 

3 So that the conditions might resemble those in muscle after cessation of circulation. 
The hydrolysis of the glycogen proceeds, too, with outer rapidity with slightly acid 
reaction ; vide infra. 

* Best by turning out the flame below the water hath and waiting until both water 

and substance are cold. 
| 5 66 °/, will be approximately the strength of the alcohol in the first filtrate. 

* In this and in subsequent cases the amount of water in the syrup was estimated by 

drying a small portion and weighing. | 
1—2 
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4 .. W. A. OSBORNE AND ZOBEL,. 


The mixture was then boiled with successive portions of 92°/, alcohol 
under the reflux condenser. A small residue was obtained, which when 
treated with phenyl hydrazine gave no crystallisable osazone, From the 
united filtrates, however, when freed from alcohol, an osazone soluble in 
hot water was obtained which melted at 178°. We hoped at this stage 
by further fractionation with alcohol to obtain besides: glucosazone the 


_ typical crystals of maltosazone with the proper melting point, but our 


experiments showed that the dextrinous body clings with extraordinary 
tenacity to the maltose. Once from a solution in 95°/, alcohol we 
obtained the crystals in plates, but on recrystallising from hot water 
the “isomaltose” form reappeared. The highest melting point that 
we obtained was 192°, but here the osazone crystals were disposed 
in spherical masses of radially disposed needles, larger however than 
the “isomaltosazone” crystals. Nor were we successful in obtaining 
crystals of maltose from a syrup sown with a few crystals of the pure 
sugar, Perhaps here the presence of the aise prevented or retarded 
the crystallisation. 

. The glycogen solution mentioned above, which was hydrolysed 
with pancreatic juice, yielded an osazone with melting point 153°. On 


_ fractionation with alcobol, the melting point was raised in a manner 


similar to that described in the Taka preparation, With 66°/, alcohol 
the melting point was 156°, with 85°/, alcohol 185°. Here again we 
were unable to get by fractionation crystals conforming in melting point 
and shape to pure maltosazone. From a syrup, however, obtained by 


evaporating a solution in 94°/, alcohol, maltose was obtained in 


crystalline form. The crystals were recrystallised from 90°/, alcohol, 
washed with absolute alcohol and carefully dried. This final product. 


gave an osazone in long plates and with a melting point of 204°, 


We next prepared from pure maltose a quantity of maltosazone, 
melting point 205°. When a little of this substance was dissolved in the 
hot solution of the osazones obtained from the 66°/, alcohol pancreatic 
preparation, maltosazone as such could not be detected on cooling 
the mixture. Nothing was to be found except “isomaltosazone.” When 
also a small quantity of pure maltosazone in hot water solution was 
added to a solution of the amorphous osazones obtained from the 85 °/, 
and the 94°/, alcohol precipitates, the mixture on cooling deposited 


some crystals of “isomaltosazone.” 


These two experiments together with the raising of the melting 


1 See note 5, p. 3. : \ 
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point by alcoholic fractionation and the preparation of pure maltose 
from me pancreatic preparation prove conclusively that the “‘isomaltosa- 
zone” prepared from hydrolysed glycogen is simply maltosazone 
altered by the presence of the osazone (or osazones) of a dextrinous 
body. | 

The results of a number of minor experiments which were made 
during the course of the research might be mentioned here. 

The final product obtained when glycogen is hydrolysed by an 
acid is dextrose; neither maltose nor dextrin — be detected (con- 


_ firmatory of Miss Tebb’.) 


When a diastatic* enzyme is added to a solution of glycogen in a 
flask and the mixture allowed to remain for an indefinite time in an 
incubator it is found that a dextrin (Seegen’s dystropo-dextrin’) is 
produced which resists further hydrolytic change. 

We have found that if the diastase (Taka) be frequently renewed 
and if the hydrolysis take place in a carefully tested dialysing tube 
surrounded with running water, the amount of dystropo-dextrin is 
greatly diminished. After three weeks’ Taka hydrolysis at the tempe- 
rature of tap-water (chloroform being used as an antiseptic) only @ trace 
of this body could be found. 

The velocity of the reaction of pancreatic juice, Taka diastase, malt 
diastase and saliva as measured by timing the appearance of the 
achromic point and by comparing the opalescence with a control, is 
increased by slightly acid reaction (sarcolactic and very dilute HCl) 
and by the addition of minute quantities of asparagine. (Shown to 
be the case with starch by Mohr‘) 


The sugars of muscle. 


Muscle obtained from the hind limbs of dogs and rabbits, also 
meat exposed for sale, was treated in much the same manner as that 
described by Panormoff* After mincing with a sausage machine the 
muscle was extracted with hot water and the extracts filtered through 
muslin. The united extracts were then evaporated under diminished 
pressure to one-fourth the original volume and then poured into a 


1 This Journal, xxu. p. 423. 1898. 

2 Malt diastase, Taka diastase, and saliva were the enzymes experimented with. 
Pfhliiger’s Archiv, xrx. p. 106, 1879. 

* Ber. d. Deutsch. chem. Gesell. xxxv. p. 1024. 1902. 

5 Loe. cit. 
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three-fold volume of*aleohol. After standing some time the mixture 
was filtered and the filtrate evaporated to a syrup in vacuo. This syrup 
in all cases (except those in which the animal had been several hours 
under an anesthetic before death—no sugar being here obtainable) 
when treated with phenyl hydrazine gave a mixture of glucosazone, 
“isomaltosazone” and traces of other phenyl hydrazine compounds which 
could not be further investigated. In all cases the amount of osazone 
soluble in hot water exceeded the amount of that which was insoluble. 
The ratio varied roughly from 3:1 to 20:1, but we were unable to find © 
any cause for this variation except that the relative amount of the 


_ insoluble osazone was sometimes’ increased by allowing the muscle 


(dog) to remain in an ice-chest for 16 hours, The melting point 
of the osazorie soluble in hot water lay between 152° and 154°. 
A quantity of aqueous extract of dogs’ and rabbits’ muscle was 
collected and an attempt made to fractionate the “isomaltose” with 
alcohol in the manner described with the Taka preparation. With 
alcohol of 85°/, the melting point was raised to 156° and with 


- 94°/, alcohol to 162°. The rise in the melting point, it may be noticed, 


is very slight (undoubtedly the presence of impurities—hydrazones, etc. 
prevented a greater rise) but it is still appreciable. More convincing 
is the experiment that when a little pure maltosazone was dissolved 
in the hot aqueous solution of the muscle osazones it could not be — 
detected on cooling; the “isomaltosazone,” however, was appreciably 
increased. With muscle sugar as with the Taka preparation we failed 
to obtain pure maltosazone by alcoholic fractionation, nor were our 
efforts to secure crystallisation of maltose successful. 

From the similarity of this sugar in muscle—other than dextrose— 
with the “isomaltose” of hydrolysed glycogen and from the fact, as 
was first shown by Pavy’, that its copper reducing power is increased 


by boiling with acid it cannot be doubted that both maltose and 


dextrins as well as dextrose are present in muscle. 


Hydrolysis of glycogen by muscle juice. 


Muscle obtained from a dog which had been several hours under an 
anesthetic and from which no sugar, or only extremely minute traces, 
could be obtained was minced, mixed with an equal weight of 


1 In three cases out of seven; of the remainder three showed little change and one 
increase of the soluble osazone. 
2 Loc. cit. 
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SUGARS OF MUSCLE. | 7 


2°/, sodium fluoride and squeezed in a bag of four ply muslin. The 
filtrate was mixed with a double quantity of 0°5°/, glycogen in 1°/, sodium 
fluoride, toluol was also added and the mixture let stand 16 hours in the 
incubator at a temperature of 37°. The mixture was then boiled, freed 
from toluol and tested with phenyl hydrazine. Both “isomaltose” and 
dextrose were present, the latter in fair quantity. As, however, blood | 
serum possesses a diastatic action an attempt was made to obtain muscle 
completely blood-free. Warm saline solution was led into the external 
jugular of a dog (under morphia and 4.¢.E.) and blood was allowed to flow 
intermittently from the carotid. After the animal died, saline was still 
led through its vessels until the carotid contents were colourless. The 
muscles of the hind limbs were then excised and treated as above. It 
was found, however, that small traces of blood were still present. The 
products of hydrolysis were the same as in the first case. 

A second dog was taken and anzsthetised with morphia and A.C.E. 
Saline was led in this case into the abdominal aorta below the cceliac axis. 
The vena cava was ligatured a little below this level and cut below the 
ligature. About 10 litres of saline were led through the hind limbs 
which were constantly kneaded by the hand. In this manner what we 
believed to be blood-free muscle was obtained. When juice of this 
muscle (with sodium fluoride and toluol as above) was allowed to 
act on glycogen an interesting result was obtained. After 16 hours’ 
hydrolysis only a small quantity of dextrose could be detected, nearly 
the whole of the osazone obtained being “isomaltosazone.” This 
experiment suggests the possibility that living muscle may produce a 
ferment which can transform glycogen readily into maltose but with 
difficulty or not at all into dextrose’. 


CoNcLUSIONS. 


1. The hydrolysis of glycogen by saliva and Taka diastase can 
proceed as far as dextrose. 

2. The diastatic action of pancreatic juice and malt diastase at 
a temperature of 37° C.* ends with the formation of maltose. 


1 Mr B. L. Siau has been kind enough to furnish us with his notes on some experiments 
bearing on this subject. When the alcohol-coagulated liver of a rabbit was placed in 
saline, covered with toluol and allowed to stand three days at a temperature of 100°F. 
‘* practically only glucose was obtained.” Alcohol-coagulated muscle, however, allowed 
to stand 20 hours at a temperature of 60° C. ‘“ gave no glucosazone but only the isomaltos- 
azone with a few true maltosazone forms,” 

* The temperature may be important. Ling and Davis (Journal of the Federated 
Institutes of Brewing, vit. No. 4, 1902) have recently shown that a diastase which will 
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8 W. A. OSBORNE AND 8S. ZOBEL. 


8. In all these cases an osazone can be obtained from the products 
of hydrolysis in spherical aggregates of needles and with a melting 
point of approximately 153°C. . 

4. This osazone is in reality maltosazone altered by the presence 
of the osazone of a dextrinous body’. 

5. The carbohydrates of muscle, exclusive of glycogen, are dextrins, 
dextrose and maltose, the latter sugar preponderating. 


[The cost of this research was defrayed by a grant from the Government 
Grant Committee of the Royal Society. ] 


normally carry the hydrolysis of starch as far as maltose but no further, will, if previously 
heated in solution to 70° C. and allowed to act on starch paste at 55°—60° C., act also on 
the maltose and thus form dextrose as an end product. 


1 What Brown and Morris proved for starch paste acted on by malt diastase, loc. cit. 
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FURTHER OBSERVATIONS ON THE SEQUENCE OF 
CHANGES PRODUCED IN THE URINE AS A 
RESULT OF EXERCISE. By G. C. GARRATT. 


(From the Laboratory of the London Fever Hospital.) 


THE following work was undertaken in the autumn of 1901 in order 
to supplement some previously published”, I have waited a year 
and more in the hope of making it more complete, but circumstances 
having prevented this, I have decided to publish this fragment as it is. 
The special feature of this as of my former work is the rapid but not 
excessively laborious nature of the exercise, the absolute separation of 
the urine produced during this exercise, and the subsequent collection 
of samples at short intervals. In this way alone can the sequence of 
events ‘be ascertained, and it is this sequence with which I am 
concerned. For that reason I have not thought it worth while to 
compare my results here obtained with those of previous workers whose 
object and methods have been quite different. 

Two bicycle rides were taken, with an interval of a fortnight 
between them, in the early morning, the distance covered being in each — 
case 45 miles, 22°5 out and back, and the average speed 15°5 miles an 
hour. The weather was cool, the roads in fair condition, and some hills 
were included. No rest or refreshment was taken. Sensible sweating 
-was moderate during the first, slight during the second ride. Fatigue 
was considerable after the first ride, but after the second small. The 
writer is accustomed to cycling, was in good muscular condition, and 
weighed 11°5 stone. 

The diet during the experiments was as follows :— 

Breakfast, 5.30 a.m., consisting of 100 grams of bread, 15 grams of 
butter, 30 grams of potted beef, 3 eggs, 420 c.c. of milk, and 2 grams 
of sodium chloride. In the second experiment 180 c.c. of water were 
added. 

Lunch, 1.30 p.m., sonaiatine of 30 grams of bread, 12 grams of 
butter, 15 grams of potted beef, 60 grams of plasmon chocolate, and 
350 c.c, of water. 
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EXERCISE AND URINARY SECRETION. 11 


Tea, 4 p.m:, consisting of 500 c.c. of tea and milk in the case of 
No. 1, and 350 cc. in that of No. 2, also five small biscuits. 

Dinner, 7 p.m., coming only half an hour before the end of the 
experiment, was of an ordinary kind. 

Methods of analysis. Each sample was made up to 250° c.c. or 
once 500 c.c. 


Total nitrogen. by Kjeldahl’s process, Extractive nitrogen by . 


subtraction from it of urea and ammonia nitrogen. 
Urea in No.1 by Hiifner’s. 
Urea in No, 2 by Morner and Sjéqvist’s. was omitted, 
but a little more baryta was added towards the end of the evaporation 
to insure the removal of ammonia.) 
Uric acid by Hopkins’s. 
Chlorine by Volhard and Arnold’s® 
Sulpburic acid (total) by Salkowski’s. 
Phosphoric acid by Neubauer’s. 
Ammonia by Schlissing’s. 
_ Potassium and Sodium by the author’s modification of Lehmann’s ®. 
Acid directly. with phenolphthaleine as indicator, the first change 


of colour and not the full red being taken as the end reaction in a 
well-diluted sample. Under these conditions, the error introduced by 


the presence of calcium is almost negligible. 

The results are all given as two-hourly averages, even when the 
actual period was three hours, acid is given in terms of oxalic acid, 
water in c.c. and the rest in decigrams. 


SUMMARY OF RESULTS AND REMARKS. 


_ 1. Urea. This is very low during the ride but rises abruptly after, 
and now reaches its maximum within eight hours. In other earlier 
rides (see my previous paper) the maximum was attained later, doubt- 
less because dinner intervened, whereas diet was, after the ride, kept 
low in these experiments, and consisted chiefly of carbohydrates. 

2. Total nitrogen. The increased excretion of nitrogen falls almost 
entirely on its urea component. Uric acid and other extractives 
remain relatively low throughout. Uric acid excretion is absolutely 
and relatively less than in Be earlier work, probably for the reason just 
mentioned, 

3. Ammonia remains unexpectedly constant, it is therefore rela- 
tively very high during the ride, a distinction which it shares with 
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12 G. 0. GARRATT. 


sulphuric acid and potassium. Its excretion is entirely uninfluenced 
by that of free acid, but it is uniformly higher in No. 2 than in No. 1, 
the difference corresponding with a lower level of excretion of potassium 
in the former. | 

4. Sulphuric acid. The early and remarkable rise in this excretion, 
to which I drew. attention previously, is repeated ; once more, even 
during the exercise it is relatively high, and is absolutely extremely 
so in the next two hours, in each case reaching its maximum then, 
long before that of urea is attained. When the latter gains its highest 
point sulphuric acid has already fallen considerably... This early rise 
as a result of exercise was first observed by Engelmann“, who drew 
from it the conclusion that sulphuric acid is a better index than urea 
of the metabolism of albumen. His figures represent 24 hour samples 
and are therefore much less striking than my own. Fiirbringer™ has 
shown that in fever also, sulphuric acid is excreted in quantity out of — 
proportion to that of nitrogen, whereas Zueltzer™ and others have 


demonstrated that with phosphoric acid the converse is the case. In 


both these respects the metabolism of exercise resembles that of fever. 
5. Potassium is shown to run a course very similar to that of 


_ sulphuric acid, and to bear no relation to phosphoric acid. This is 


a little unexpected, for tissues rich in potassium are rich also in 
phosphorus. It is possible that where sulphuric.acid is in excess, it, 
being the stronger acid, and having moreover no alkaline salts, appro- 
priates the available base. von Moraczewski™ fails to trace any relation 
between potassium and phosphoric acid in the febrile state. I have 
however performed nearly a hundred analyses of the two in this 
condition, and my experience does not quite agree with that of von 
Moraczewski; often they run closely together, and though exceptions 
are not rare, they can usually be explained by reference to the sulphuric 
acid. : 

The balance between ammonium and potassium exhibited by their. 
behaviour in No, 1 as compared with No. 2 is also I think unusual. 

6. Phosphoric acid as before runs a course fairly parallel with 
urea, and contrasts in this respect with sulphuric. It exhibits no close 
relation to uric acid. 

7. Calcium and magnesium were not estimated, but, as they were 
always removed by addition of ammonia.before estimating potassium 
and sodium, a rough idea of their behaviour was obtained. In each 
case the precipitate was but a mere trace in the first sample, and 
increased steadily till the third or fourth, where it was quite bulky. 
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EXERCISE AND URINARY SECRETION. 13 


While it is possible that, owing to deficiency in phosphates, precipi- 
tation was at first incomplete, the reduction was, I think, too striking 
to be accounted for in this way. I have moreover observed the same 
phenomenon in the early stages of fever, though, in the analysis, 
I saturate the urine with sodium phosphate before adding ammonia. 
The alkaline earths seem therefore to run parallel with phosphoric acid, 
and indeed magnesium phosphate might well be a product of muscle 
metabolism. 

- 8, Sodium and chlorine run closely together and in nearly equi- © 
valent quantities, as, in health, is usually the case. Both are very 


_ low during the ride, though sensible sweating was not conspicuous. 


Chlorine is however commonly low at this hour of the morning, and 
also whenever urinary water is diminished. The converse: effect of 
diuresis is well shown after tea in No. 1. As it was not my intention 


to produce this result, the tea was reduced in the second experiment. 


In the febrile state diuresis has but little effeét on the excretion of 
sodium and chlorine, except in the case of malaria. The sodium does 
not seem to have combined with the acids of metabolic origin as it may 
do in fever. ee 
9. Acidity. As in my earlier work, this runs closely with phos- 
phoric acid. It is strange how little effect the excretion of sulphuric 
acid has upon the acidity of the urine. On the other hand, it is possible 
that amido-acids® in urine do affect its acidity, and that without 
forming acid phosphate, for urine is frequently much more acid than its 
acid phosphate would be, and may be acid to both litmus and phenol- 
phthaleine though this be absent entirely. The error found by 
Arnstein® in the Freund Lieblein method is insufficient to account 
for this anomaly. | 


CONCLUSIONS. 


1. Early excretion of sulphuric acid appears to be a constant 
feature in the metabolism which accompanies rapid muscular exercise. 
The acid seems to pass out in combination with potassium and 
ammonium, and the maximum output occurs several hours before 
that of total nitrogen. 

2. The increased excretion of phosphoric acid resulting from 
exercise bears close relation to that of free acid and urea. The acid 
appears to be eliminated chiefly in combination with the alkaline 
earths and ammonium. | 
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14 G. 0. GARRATT. 


3. The normal relation between sodium and chlorine does not seem 
to be conspicuously disturbed by exercise, nor is the usual influence of 
increase:in the urinary water upon them prevented thereby. 
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CORTEX CEREBRI AND IRIS. By N. MISLAWSKY, 
Professor of Physiology in the University of Kasan. — | 


In a short paper entitled: “De linfluence de I’écorce grise sur la 
dilatation de la pupille,” and printed in C.R. de la Société de Biologie, 
1887, p. 214, I communicated the results of my experiments on this 
question. My work was undertaken in consequence of the divergent 
results obtained by Bochefontaine, Griinhagen and Bessau ¢ on one 
side and by Katschenowsky on the other. | 

Bochefontaine’, Griinhagen’ and Bessau® had found that the 
dilatation of the pupil caused by excitation of the cerebral cortex — 
occurred after section of the cervical sympathetic, after extirpation of the 
sup. cerv. ganglion, and after the section of the spinal cord in the neck. 

.Katschenowsky* on the other hand, working in the laboratory of 
Stricker, did not obtain dilatation on stimulating the cortex after 
section of the cervical sympathetic. 

In my own experiments carried out mostly on cats, I convinced 
myself that dilatation of the pupil by exciting the cortex cerebri 
was obtained after section of the cervical sympathetic, after extirpation 
of the sup. cervical ganglion, after section of the spinal cord at the 
first vertebra and even after section of the medulla oblongata behind 
the corpora quadrigemina. In all these experiments the dilatation 
was a great deal weaker (the pupil never was quite round) and was not 
accompanied by any projection of the eyeball and retraction of the 
nictitating membrane. It might be maintained that this dilatation is 
due to impulses passing by the cerebral path, described by C. Balogh, 
Vulpian, Hurwitz and Kowalewsky. To test this possibility, I 
made some experiments on animals in which the trigeminus, between 
the gang. Gasseri and med. oblongata, was cut and at the same time 


1 Archives de la physiol. norm. et path., 1876, 2™ sér. m1. p. 140. 
2 Berliner klin. Wochensch., 1879, 8. 210 f. und 649. 


3 Die Pupillenenge im Schiafe und bei Riickenmarkskrankheiten. Diss. inaug. Konigs- 
berg, 1879. 
4 Stricker’s Medizinische Jahrbiicher. Wien, 1885. 
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16 N. MISLAWSKY. 


either (a) the upper cervical ganglion extirpated, or (b) the spinal cord 
severed in the neck, or (c) the cervical sympathetic cut and also the 
spinal cord at the first vertebra. In all these experiments the dilatation 
of the pupil was obtained. Only after section of the IJIrd nerve or 
of the Vth nerve peripherally of the Gasserian ganglion did the pupil 
remain immovable on excitation of the cortex’. 

As a result of these experiments, I came to the conclusion that the 
cortex has a double influence: (1) active on the centre of dilatation of 
the pupil, and (2) depressive on the tonic action of the centre in the 
corpora quadrigemina (I[Ird nerve). 

In the year 1893 an excellent monograph by Dr Braunstein was 
published in Russian, and was soon after translated into German. 
Braunstein registered the movement of the pupil by Belljarminoff’s 
photographic method, and in the course of many other experiments 
repeated those I had published in the year 1887, and wholly confirmed 
them. He came to the conclusion however that the dilatation of 
the pupil resulting from excitation of the cortex may be explained 
entirely by its depressive action on the centres of the [IIrd nerve, 
and on this view explained the fact that, after section of the cervical 
sympathetic or extirpation of the sup. cerv. ganglion, there remained a 
diminished dilatation of the pupil, whilst the projection of the pyebell 
and retraction of the nictitating membrane disappeared. 

With this conclusion I cannot agree; I do not think that the 
dilatation of the pupil when the sympathetic is intact, can be explained 
in this way; for in certain cases the dilatation obtained on stimulating 
the cortex is not distinguishable in any particular from that obtained 
by the direct excitation of the sympathetic itself. | 

Lately, I have read with much interest a paper by Mr Paveone’ 
on the subject. Mr Parsons’ work confirms my conclusions. This is 
the more satisfactory in that Mr Parsons’ work was done without 
his being acquainted with the previous observations of Griinhagen 
and Bessau, or with my work, or with the monograph of Braunstein. 

In citing the work of Prof. W. Bechterew and myself in 1891, 
“Ueber die Innervation und Hirncentren der Thranenabsonderung,” 
in which we communicated some observations on the pupil made 


- incidentally, the author (op. cit. p. 374) says that he cannot confirm 


1 I found subsequently that section of the Vth nerve peripherally of the Gasserian 
ganglion did not necessarily prevent the occurrence of iis came on stimulation of 
the cerebral cortex. 

This Journal, xxv1. p. 366. 1901. 
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CORTEX CEREBRI AND IRIS. — 17 


our observations relative to the secretion of the lachrymal gland. I 
must confess that the observations on the secretion of the lachrymal 
gland are very difficult and that numerous experiments are necessary 
to give quite definite results, The effects vary in extent—sometimes 
they are very clear and decisive, sometimes they are observed with 
difficulty or are even absent; the last case we described in detail in 
our work cited by the author. Moreover, our experiments in this 
direction were made exclusively on dogs; and most of the experiments 
made by Mr Parsons were on cats. Perhaps Mr Parsons’ negative © 
result is due to this fact, though I may recall that the presence in 
the cervical sympathetic of secretory fibres to the lachrymal gland 
is established by the works of Demtschenko! and Wolfers’, and 
was examined by us and confirmed. When all the phenomena of 
exciting the sympathetic nerve are present in the region of the eyes, 
_ I think the secretion of tears is more likely to be present than to be 
absent. 

The question of the localisation of the centres for the dilatation 
of the pupil was rather incidental both to my own work and to that 
of Prof. Bechterew and myself. Mr Parsons mentions that Prof. 
Bechterew and myself found dilatation of the pupil on stimulating 
the inner parts of the anterior‘and posterior divisions of the sigmoid 
gyrus, but overlooks that we found a somewhat weaker action from the _ 
more external parts of the gyrus (die mehr nach aussen gelegenen 
Theile derselben Windung). 


Kasay, 1902, 


1 Demtschenko, Phliiger’s Archiv, vit. 8, 191. 1872. 
2 Wolfers, Experimentelle Untersuchungen ueber Innervationswege der Thriinen- 


driise. Dorpat, 1871. 
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THE EFFECT OF HEMORRHAGE UPON THE COM- 


POSITION OF THE NORMAL BLOOD, COMPARED 
TO ITS EFFECT DURING THE ADMINISTRATION 
OF IRON AND ARSENIC’. By E. P. BAUMANN, MD. 


(From the Laboratory of Pathological Chemistry, University College, 
London.) | 


As the result of the labours of Hithnerfauth, von Lesser, and others, 
we have a fairly complete knowledge of the effect of hemorrhage 
upon the hemoglobin and the corpuscles; but observations upon the — 
chemical changes produced in the blood are few and incomplete. On 
the suggestion of Professor Vaughan Harley I undertook a compre- 
hensive experimental enquiry into the subject of the changes produced 
by hemorrhage, both in the colouring matter and morphological 
elements, and in the chemical constitution of the blood. I further, 
for the purposes of comparison, investigated from the same standpoint | 
the changes produced by hemorrhage upon the blood in cases in which 
iron and arsenic, singly and in combination, had been administered. 

I am deeply indebted to Professor Vaughan Harley for the 
valuable assistance and criticism he was always ready to afford me 
in my investigations. 

The experiments were performed upon young, full-grown dogs of 
medium weight and size. In their selection, care was taken to secure 
as close a similarity as possible of growth and constitution. Before 
commencing each experiment, the animal was well fed for a week 
in order that all might be brought to a certain level of nutrition. 


_ Thirteen experiments were made. In four, the effect simply of 


hemorrhage upon the blood was observed. In three experiments a 
preparation of inorganic iron, in two a preparation of organic iron, in 
two others a preparation of arsenic was administered, and finally in 
two, preparations of iron and arsenic in combination were given. Each 


1 Towards the expenses of this research a grant was made by the British Medical 
Association, on the recommendation of the Scientific Grants Committee of the Association. 
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BLOOD CHANGE AFTER HEMORRHAGE. 


animal was subjected to two bleedings.. At the first of these, a 
quantity of blood was removed amounting as closely as possible to 
14 of the total blood, or 2°24°/, of the body-weight, the total blood 
being assumed to correspond to ;, of the body-weight. The second 
bleeding was undertaken one week later, the animal being on this 
occasion bled to death. 


During the interval between the bleedings the dogs were kept on an 
ordinary mixed diet of meat, biscuits and water. No food was given for 
some hours before the commencement of an observation, with the object 
of avoiding the production of a digestive leucocytosis. Where medicinal 
treatment was adopted, the drugs were, in the case of arsenic and organie 
iron, introduced by means of the stomach-tube, and the inorganic iron was 
administered with the food in the form of capsules of Blaud’s pills. All the 
bleedings were performed at the same hour of the day. In the forenoon 
of the day of operation, peripheral blood was drawn by means of small 
punctures from the lobe of the ear; estimations were made with this blood 
of the number and volume of the red corpuscles, the number of the leuco- 
cytes, the amount of hemoglobin, the specific gravity of the blood (by 
Hammerschlag’s method), and the rate of coagulation ; a drop of blood was 
further examined in its fresh state under the microscope, and blood-films 
prepared, In the actual depletion, the blood was drawn in the afternoon 
direct from the central circulation. The animal having been anesthetised by 
means of ether, the thigh was shaved and prepared according to the rules of 
aseptic surgery ; the common femoral was then exposed, an incision made 
into the vessel wall, a cannula inserted and the desired amount of blood run 
off. Analyses were made at each depletion of the fibrin of the blood, of the 
specific gravity, water, solids, ashes, proteids, and total nitrogen of both blood 
and serum, and of the albumin and globulin of the serum. The estimation 
of the hemoglobin-value of the blood was made by von Fileischl’s hemo- 
globinometer. The corpuscular count was made with the Thoma-Zeiss 
hemocytometer. The density of the blood and serum was ascertained both 
by direct weighing by means of the pycnometer, and by Hammerschlag’s 
method’. For the purpose of estimating the corpuscular volume, Gartner's 
modification of the Hédin hematocrit was employed. Wright's capillary 
tubes were used to establish the rate of coagulation of the blood. In the 
preparation of blood-films the cover-slips were heated for 2—3 hours at a 
temperature of 120°. and Ehrlich’s triacid solution employed as the stain. 
The estimation of the water and solids of the blood and serum was made by 
drying for 24 hours at a temperature of 100°C. until a constant weight was 


direct weighing. 
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is The results of the experiments are tabulated under three headings, 


E. P. BAUMANN. 


reached. Thereafter the remaining solids were slowly calcined at a dull red 
heat, until only the ash was left in the capsule. The total proteids were 
obtained by precipitation with alcohol. A modification of the process intro- 
duced by Kjeldahl was employed for the estimation of the amount of the 
total nitrogen, The percentage of fibrin was estimated by Hoppe-Seyler’s 
method of whipping a weighed quantity of blood. In estimating the amount 
of serum-globulin and serum-albumin Hammarsten’s method of precipitation 
in a supersaturated solution of magnesium sulphate was employed. For 
these processes of analysis a sufficient quantity of clear pale serum could 
always be obtained by centrifugalising the blood. 


_ Ina research of this kind, necessitating the immediate and simul- 
taneous employment of so many different methods, it was difficult 
always to obtain entirely accurate results; by great care, however, 
and the application of numerous control estimations, sufficiently accu- 
rate results were in the main achieved. 

I wish here to record my sincere thanks to Dr F. W. Gandhedy = 
for his frequent and valuable assistance in the various experiments. 


I, THE EFFECT OF HEMORRHAGE UPON THE COMPOSITION OF THE 
NORMAL BLOOD, 


In Exps, 1, 2, 3, and 4, an amount of blood was removed equal 
approximately to 4 of the total blood. 


viz. I, The capillary blood, derived from the ear. II. The arterial 
blood, withdrawn directly from the femoral artery. III. The serum. 


Exp. Obs. wt Hb. Redcorp. Colour Leu. P. LM. 8M, T. E NR, Corp.vol. Cong, rate 
1 6°500k. 109 10000000 100 8° 8 72 1’ 40” 
2nd 5-400 92 9850000 086 3903 89 8 4 8 1 9 54 80” : 
7500 103 6800000 100 — 140"—1' 45” 
2nd 6°750 7% 6400000 109 7818 2 7 2 1 2 55” —60” 
2nd 1-000 98 5600000 1:16 1133838 88 55 75 2 1 1 76 1° 20"—1' 25" 
4 tone 7200 82 8120000 100 14000 7256 12 5 2 25 60 _ 
2nd 7:000 68 65760000 1:17 19800 68 4 20 25 2 85 49 85” —40” 


* The following abbreviations are employed in this and the succeeding Tables for the capillary 
blood: Obs,=Number of Observation. Wt.=Weight. Hb.=Hmmoglobin. Colour=Colour Index. 
Leuc.=Leucocytes. P.= Polymorph lear. L.M.=Large Mononuclear. 8.M.=Small Mononuclear. 


T.= Transitional. E,=Eosinophil. N.R. =Nucleated Red Corpuscles. Corp. Vol. =Corpuscular Volume. 
Coag. Rate= Coagulation Rate. 
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The number of the corpuscles, as seen in Table L., was diminished 
in all four cases, the average reduction amounting to 11°/,. This 
agrees very closely with the results of Autonenko', who in 5 dogs 
found, a week after the withdrawal of 4—4 of the total blood, a 
diminution in the red corpuscles amounting to 14°/,. 

The hwmoglobin in my experiments showed a reduction which 

was greater than that of the corpuscles, reaching an average of 21 °/,. 
In consequence of this, the colour index of the individual corpuscles 
was lowered and a condition of the blood produced resembling that 
of chlorosis. This: result. is in accordance with the observations of 
von Lesser’, Hiihnerfauth’, Otto‘, Ludwig* and numerous other 
writers. 
The white corpuscles are increased on an average by 41°/,. This 
again is in agreement with the results of Autonenko‘’, who found an 
average increase of 31 °/,, and of Ehrlich’, Escherich’, etc.; and, like 
Lyon’ and Rieder”, I found that the amount of the leucocytosis varies 
in the different observations. 

In the differential count of the leucocytes, I found in all my cases 
a decrease in the number of the large mononuclear cells, whilst 
the polymorphonuclear cells were increased in Exps. 1, 2, and 8, and 


- diminished in Exp. 4. The small mononuclear cells were diminished 


in three cases, but in Exp. 4 they were increased at the expense of 
the polymorphonuclear, large mononuclear, and transitional cells. A 
decrease occurred in the number of the transitional cells in all obser- 
vations but the first, when they remained unchanged.” The eosinophil 
cells have, in all the experiments, remained unaltered in amount. In 
Exps. 2 and 4 there occurred a slight increase, always normoblastic 
in character, in the percentage of the nucleated red corpuscles. No 
polychromatophil changes were observed in any of the cases, nor was 
there any marked poikilocytosis-—Fhus—it.would appear that the usual 
change in the differential count of the leucocytes consists of an increase 
of the polymorphonuclear cells, but that the change may also consist in 


1 Arch. d. Sci. Biol. u. p. 516. 1893. 
2 Arch. f. Anat. u. Physiol. 1878, Physiol. Abtheil, p. 40. 
3 Virchow’s Archiv, uxxvi. p: 310. 1879. 
4 Arch. f. d, ges. Physiol. 1885, p. 57. 
' 5 International Clinics, Series III. p. 29. 1895-6. 6 Loe. cit. 
7 Zeitschr. f. klin. Med. 1880, p. 353; Charité Annal. xm. p. 300. 
8 Berl. klin. Wochenschr. 1884, p. 145. — 
9 Virchow’s Archiv, uxxxm. p. 207, 1881. 
10 Beitriige z. Kenntniss d. Leucocytose. Leipzig, 1892. 
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an increase of the small mononuclear ones. No noteworthy change took 


place in the eosinophil cells, which is in accordance with Ehrlich’s' 


statement that in acute leucocytosis they are, if anything, lessened. The 
appearance of, or an increase in, the number of nucleated red corpuscles 
(normoblasts) always occurred. These results again agree with the 
observations of Ehrlich’, who states that nucleated red corpuscles of 
the normoblast type commonly appear in post-hemorrhagic anemia, 
and that the increase of leucocytes generally consists of an augmenta- 
tion of the polymorphonuclear cells, less frequently of the mononuclear 
cells, 

The corpuscular volume in three experiments underwent an average 
reduction of 17 °/,. 

The coagulation rate was, on the average, doubled. This is in 
agreement with the results of Briicke’, Nasse‘, and numerous other 
writers. 


Taste II. Exps. 1—4, Arterial blood. 


Exp. Obs. Sp.gr. H,Op.c Solidsp.c. Ash p.c. Proteidsp.c. N.p.c. Fibrin p.c. 


Qnd 1055 78°60 21:40 0980 2109 825 0:37 


9 1058 487813 21°37 O79 2°37 3°16 


g jist 1056 78°27 21°73 0°80 20°25 38:12 


4 jist 1052 260 0°20 
2nd 1041 83°48 1652 080 1482 2°33 # 0°41 


The specific gravity of the blood is seen in Table II. to have 
undergone a very minute average decrease. In one case it is practically 
unaltered, and in the remaining a it has been reduced by 
only 1°). 

The solids of the blood have suffered an average reduction of 11°/,; 
in Exp. 4 their amount was recorded only at the second bleeding, but 


a low value is shown which allows one to conclude that a decrease has 
occurred. 


The ash of the blood in Exps. 2 and 3 shows a decrease of 2 a 
whilst in the remaining cases—where it is noted only at the second 
bleeding—the values approximately reach the normal standard. We 
may therefore conclude that hemorrhage has little or no-effect in 


1 Zeitechr. f. klin. Med. 1880, p. 353. 9 Loe. eit. 
3 Virchow’s Archiv, tvu. p. 179. * Loe, cit. 
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reducing the amount of the ash of the blood. This result bears out 
Hoppe-Seyler’ s' statement that bleeding leaves the amount of the 
inorganic salts unchanged. 

The nitrogen of the blood shows an average rate of decrease of 
11°5°/,, and the decrease of total proteids averages 12°/, in the experi- 
ments where the amount at both bleedings is recorded. 

The amount of fibrin was more than doubled in Exp. 4. In Exps. 2 
and 3, although estimated only at the second bleeding, the fibrin value 
is so much higher than the average that an increase may be considered 
to have occurred. In Exp. 1 a slight decrease appears actually to have 
taken place, but it is very minute and, in view of the unusually high 
value registered, may quite well be attributed to an error in the 
estimation at the first bleeding. It is a great question as to how far 
the values obtained may be relied upon after the observations of 
Mayer’, who in 1866 showed that two specimens of the same blood, 
drawn off together and analysed by identical methods, may show 
important differences in the amount of their fibrin; on the whole, 
however, it may be accepted as a fact that an increase did occur. 
Numerous other observers, such as Nasse*, Mayer“, etc. and, among 
the more recent investigators, White’, all obtained an increase in the 
amount of fibrin. 


IIT. Exps. 1—4. Serum. 


Exp. Obs. Sp.gr. H,Op.c. Solidspc. Ash p.c. Proteidsp.c. Alb.p.c. Glob. pc. N. pc. 
1 "1029 6°89 — 1‘1l 
2nd =: 1023 92°51 7°49 0°86 5°92 560 O82 0°96 


g jist 1027) 9165 8-35 6°53 101 


3 jist 1025 9191 809 O71 6-41 400 241 0°97 
2nd 000 591 009 O91 


The specific gravity of the serum is shown in Table III. to have 
barely altered at all. In Exps. 1 and 2, there was a decrease of 1 °/,, 
but in the other cases the difference at the two bleedings was so slight 
as to be scarcely perceptible when calculated in percentage values. 

The serum-solids show an average increase of 13°/, in the three 


1 Physiol. Chemie, Pt. 3, p. 473. Berlin, 1879. 
2 Sitzungsber. d. k. Akad. d. Wissensch. uv1. Pt. 2, p. 103. 1867. 
> Das Blut. Bonn, 18386. * Loe, cit. 

Brit. Med, Journ. 1. p. 836. 1886. 
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cases in which they are recorded for both bleedings, whilst the fourth 
case (Exp. 1) shows a low value for the second bleeding. | 

The serum-ash is recorded for both depletions in only one experi- 
ment, and then it shows a slight increase. In Exp. 1, where it was 
estimated at the second bleeding alone, the value is rather higher than 
the average; in Exps. 2 and 4 it equals approximately the average 
normal value. Thus the serum-ash appears to undergo a decrease as 
little as does the total ash of the blood. muicghera to Becquérel and 
Rodier’ no change was to be expected. 

The serum-proteids show an average diminution of 13°/, for three 
experiments, and in the fourth a low value is recorded at the second 
observation. 

The serum-globulin and are for both bleed- 
ings in only one case; and this shows a large decrease in the amount 
of the globulin, with an increase of the albumiu. In Exps. 1 and 2 
the values obtained at the second bleeding show a low globulin value 
and a relatively increased value for the albumin. It would thus appear 
that hemorrhage causes a qualitative change in the constitution of the 
serum-proteids in the form of an increase in albumin at the expense 
of the globulin. This was also the experience of Jiirgensen’*, who 
in two cases found an increase of the serum-albumin after bleeding. 
Becquérel and Rodier* had somewhat similar results in man, but on 
this question the statements of the earlier writers must be accepted 
with some reserve. Most writers, such as Tiegel‘, Burckhardt’, 
von Limbeck and Pick‘, etc. who have investigated the question of 
the relationship of serum-globulin to serum-albumin in pathological 
conditions other than post-hemorrhagic anemia, speak on the other 
hand of the superior resistant power of the globulin which leads to its 
increase at the expense of the albumin. 

The nitrogen of the serum has undergone a reduction amounting 
to 13 "/o- 

It is seen that on the whole, with the exception perhaps of the 
specific gravity, considerable changes occur in the constitution of the 
serum. This is the experience of Nasse’, Panum®, von Hoesslin®, 

1 Neue Untersuchungen etc. (Uebersetzt v. Eisenmann), Erlangen, 1847. 

2 Article on “ Blood-letting” in Ziemssen’s Handb. of Therap. 1. p. 185, Trans. 1885. 

3 Loe. cit. * Arch. f. d. ges. Physiol. xxxmm. p. 278. 1880. 

5 Arch. f. exp. Path. xv1. p, 322. 1883. 

6 Prag. med, Wochenschr. 1898, p. 183 et seq.; Deut. med. Wochenschr. 1894, p. 563. 


7 Loe. cit. 8 Virchow's Archiv, xxx. p. 241. 1864. 
_* Miinch, med. Wochenschr. 1889, p. 815. 
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Buntzen’, von Lesser’, Jiirgensen’*, Sherrington and Copeman‘, 
Grawitz’, étc. On the other hand, many observers found a relative 
constancy in the composition of the serum in cases even where the total 
blood is markedly anemic (Hoppe-Seyler’, Pfltiger’, von Jaksch*’, 
Biernacki’®, Ehrlich and Lazarus”, Miller”, etc.). Von Limbeck®, 
again, denies the existence of any absolute constancy, but states that 
restitution to the normal in the composition of the serum always takes 
place in 1 or 2 days. qth 


Il. THE EFFECT OF HEMORRHAGE UPON THE COMPOSITION OF THE 
BLOOD DURING THE ADMINISTRATION OF A PREPARATION OF 
INORGANIC IRON. 


In Exps. 5, 6, and 7 the same procedure was observed as in 
Exps. 1—4. In addition, after the first bleeding the animals had 
three capsules of Blaud’s pills® daily, each capsule being made up to 
correspond to 1 grm. (15 grains) of the pill. 


Taste IV*. Expe. 5—7. Capillary blood. 


Exp. Obs. Wt Hb. Red.corp. Colour Leuc, P. LM. T. E N.R. Corp.vol. Cong. rate 

2nd 8°300 8 5120000 1°44 13550 80 5 9 2 8 1 70 =1'15”—1' 20" 

6 tone 11°100 98 8190000 100 9480 74 7 12 2 #1 4 69 1'15”—1' 20” 
2nd 10 - 96 6750000 1°18 13800 7855 12 151 2 61 30”—35” 

7 ban 98 7700000 100 10280 80 6 105 2 1 O08 66 1'50”—1'55” 
2nd 8-000 95 5780000 129 14000 8 4 7 4 1 1 60 =1'5"”—1'10”" 


* For explanation of abbreviations see footnote to Table I. 


The hzmoglobin, as seen in Table IV., shows in these experiments 
a distinctly higher average value at the second observations than was 
the case in Exps. 1—4. In that series there was produced an average 
diminution of 21°/,, whilst in the present series, under the adminis- 


! Ref. in Virchow-Hirsch Jahresber. 1. p. 125. 1880. 


* Loc. cit. * Loe. cit. 

* This Journal, x1v. p. 52. 1893. 

5 Deut. Arch. f. klin, Med. trv. p. 588, 1895. 3 ® Loc. cit. 
7 Arch. f. d. ges. Physiol. 1. p. 75. 1868. 


8 Zeitschr. f. klin. Med, xxu. p. 187. 1893. ® Ibid. xxtv. p. 460. 1894, 
10 Histology of the Blood, 1900, p. 15. : 
1! Virchow’s Archiv, ouxtv. p. 436. 1901. 
Klin. Pathol. d. Blutes. 1896. 
1%’ The drugs used in these and the subsequent observations were obtained from 
Messrs J. Bell and Co., 825, Oxford Street, W. 


*, 
33 Sug 
VA 
oF 
ig 
‘4 
~ 
J 
- 
ie 


He 
4 


= ~ 


26 


tration of inorganic iron, there is actually a mean increase of 1°/, of 
hemoglobin. In Exp. 5 an increase of 8°/, above the normal took 
place, but there had been originally a low value; in the remaining 
cases there was no actual increase, but the degree of deterioration of 


the hemoglobin was very slight. 


The red corpuscles, on the other hand, are if anything rather 
diminished as compared with the cases in which no drug was admi- 
nistered. Then the average percentage value was 89, whilst it is now 


only 77. In consequence of this improvement in the haemoglobin 


value the colour. index of the average individual cell is 1°30. 
Debierre and Linossiér’, Hayem’, Tumas’, Aporti‘, etc. also 


observed that the hemoglobin and not the red corpuscles improved 


after the administration of iron in experimentally produced anemia ; 
Hoffmann® and other observers, on the contrary, found that the 
administration of iron after hemorrhage produced a much more rapid 
increase of the red corpuscles than of the hemoglobin. 

The number of leucocytes is raised in all the experiments, and 
shows an average increase of 36 ‘os a change corresponding fairly 
closely with the increase of 41°/, in the first series. 

Qualitatively the changes in all cases consist of a slight relative 
increase in the polymorphonuclear cells, generally at the expense of the 
mononuclear and transitional cells; whilst the eosinophil cells remain 
unchanged. In two cases there appeared a few normoblasts—or rather, 
in one of these, the number already existing was simply augmented ; 
in Exp. 6, however, where there had originally been a relatively large 
number of nucleated red corpuscles in the blood, the normoblasts were 
actually diminished at the second observation. The qualitative changes 
on the whole correspond with those which took place in the first series 
of experiments. 

The corpuscular volume has suffered a percentage diminution of 
10°5°/, which corresponds with the reduction that took place in the first 
series of experiments. 

The coagulation rate has again been considerably shortened in all 
the cases. 

On referring to Table V. we find that the specific gravity, solids, 
total nitrogen, and proteids show a diminution in quantity, amounting 


1 Bull. de Thérap. cvut. p. 167. 1885. ~ ? Du Sang. Paris, 1889. 

3 Ref. in Med. An. 1892, p. 41. - 

* Centralbdl. f. in. Med. xx1. p. 41. 1900. | 

® Miinch. med. Wochenschr. No. 29, p. 248. 1899; Virchow’s Archiv, cux. p. 235. 1900. 
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ta average reduction of 1°/, in the first, and of 14°/, in each of the 
latter constituents. The ash appears to have undergone little or no 
change. The fibrin is much increased. 


Taste V. Exps. 5—7. Arterial blood. 


Exp. Obs. Sp.gr. H,Ope. Solidsp.c. Ashp.c. Proteidsp.c, N. pe. Fibrin pe. 


5 1055 78°96 2104 0°80 810 0°26 
Qnd 1048 81°41 +1859 O71 1704 2°75 O81 


6 1059 477720 2230 O79 281 3827 0:19 


Qnd 1049 81:14 1886 — 17°78 264 0-98 


All: this: does abt differ greatly from the results obtained for the 
arterial blood in Exps. 1—4. 


VI. Exps. 5—7. Serum. 


Sp. gr. H,Op.c. Solids p.c. Ashp.c. Proteidsp.c. Alb. p.c. Glob. p.c. N. p.c. 


g jist 1024 9274 726 — 616 853 265 0-98 
7 fist 1023 (9805 4695 «(078 


The serum, as shown by Table VI., has suffered rather less than 
was the case in the experiments in which no drug was used. The 
serum-solids, instead of being diminished, show a slight increase, and 
the serum-proteids and serum-nitrogen also show higher average values 
than was the case in Exps. 1—4, The specific. gravity of the serum has 
undergone very slight changes indeed. 


IIL THE EFFECT OF HZMORRHAGE UPON THE COMPOSITION OF THE 
BLOOD DURING THE ADMINISTRATION OF A PREPARATION OF 
ORGANIC IRON. 


The same procedure was observed as in Exps. 1—4. In addition 
after the first bleeding the Liquor Ferri Albuminati (Pharm. German) 
‘was administered twice daily in doses beginning with 14 c.c. and rising 
slowly to 28 c.c. (te. $—1 02z.). 

Referring to Table VII. we find that there is produced in the 
chemical constitution of the blood a general degree of deterioration 
slightly less marked than that noted in Series I., but rather greater 
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than that in Series II. Eger’ in his experiments arrived at similar 
results. 


Taste VII*. Exps. 8—9. Capillary blood. 


Redcorp. Colour Leu. LM. SM. T. KE. N.R. Corp. vol. Coag. rate 


Exp. Obs. Wt Hb. 

i g jist 7°500k. 92 7940000 100 10920 73 7 14 8 2 1 60 1'40"—1'50" 
4 2nd 7°100 80 6940000 098 21200 75 7 18 3 1 1 56 55” —60” 
g jist, 6250 85 7820000 100 
fond 6100 75 6830000 101 18800 84 1 65 4 2 25 47 45”—50” 


; q 2 For explanation of abbreviations see footnote to Table L 


bli The hemoglobin has undergone a reduction in both cases, The — 
Bil diminution reaches an average of 11°/,, as contrasted with the reduction 

| of 21°/, in the first, and an increase of 1°/, in the second series of 
experiments. | 

The red corpuscles doe a mean reduction of 14°/,, instead of the 
decrease of 11°/, when no drug was used, or the larger reduction of 
23°/, which occurred under the administration of inorganic iron, The 
a colour index for the individual cells gives an average of 1°03, which 
stands approximately midway between the figures (0°89 and 1°20) 
obtained in Series I. and II. 

The leucocytes are in both experiments more than doubled in 
number. Qualitatively, the changes correspond to those in the obser- 
at vations in consisting mainly of a small increase of the polymorphonuclear 
Hed cells; the eosinophil cells present no marked alteration; a few fresh 
i : normoblasts have appeared in Exp. 9. 

The corpuscular volume is diminished on an average by 14°/,. 

The coagulation rate is much shortened. 


Taste VIII. Exps. 8—9. Arterial blood. 


1798 2207 O78 2001 — 
7910 2090 — 1822 


79°10 2090 O83 1881 308 


Exp. Obs. . HyOpec. Solidspc. Ashp.c. Proteidsp.c. N. p.c. Fibrin p.c. 
8 
9 82°08 1797 O81 1584 2°55 


Referring to Table VIII. we find that the average constitution of 
the arterial blood at the second observations does not materially differ _ 
from that noted in the first and second series of experiments. 


1 Zeitschr. f. klin. Med. xxxu. p. 335. 1897. 
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The specific gravity has undergone a very minute degree of dete- 
rioration. The solids, ash, total nitrogen, and proteids have each 
been decreased in quantity, the diminution for the two experiments 
amounting respectively to 10°/,, 3°/,, 17°/,, and 11%/,.. The fibrin is 
considerably increased in amount. ) 


te 
60” 
Taste IX. Exps. 8—9. Serum. 
- Exp. Obs. Sp.gr. H,Op.c. Solidsp.c. Ashp.c. Proteids p.c. Alb. p.c. Glob. p.c. N. p.c. 
8 1085 91°99 8°01 0°83 6°20 
2nd. 1023 92°44 7°56 5°97 0°97 


“19 
Table IX. shows that the average values of the constituents of the 
serum are not quite so high at the second observations as in the 
inorganic iron series, but rather higher than in Series I. : 
There is a diminution of 1°/, in the specific gravity of the serum, 
and of 9°/, in the serum-solids and serum-proteids. 


IV. THE EFFECT OF HEMORRHAGE UPON THE COMPOSITION OF THE 
BLOOD DURING THE ADMINISTRATION OF A PREPARATION OF 
ARSENIC. 


The same procedure was observed as in Exps. 1—4. In addition 
after the first bleeding the Liquor Arsenicalis (Fowler’s Solution) was 
administered twice daily in quantities beginning with 04cc. and 
increasing to 0°6 c.c. (te. about 6—12 m.) per diem. 


Taste X*. Exps. 10—11. Capillary blood. 


Exp. Obs. Wt Hb. Redcorp. Colour Leu. P. LM. SM, T. N.R. Corp. vol. Cong. rate 
10 Ist 8°250k, 94 9120000 100 74 
2nd 8-000 71 7705000 091 8280 74 6 64 1'35”—1' 40” 
11 Ist 8°400 82 7804000 100 15000 79 45125 2 1 1 72 «61°45”—1'50” | 
lana 8°250 70 7128000 098 12950 82 4102 1 1 60 55” —60” 


» For explanation of abbreviations see footnote to Table I. 


Referring to Table X. we see that in both experiments the condition © 
of the red corpuscles and hemoglobin at the second observation corre- 
ponds closely to the results obtained in Series I, when no.drng was 
used, the corpuscles showing an average diminution of 12°/, and the 
hemoglobin a reduction of 19°/,.. The colour index thus becomes 0°92. 
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Similar negative results with regard to the action of arsenic upon the 
red corpuscles and the colouring matter of the blood were obtained by 
Smart? and Stockman® in the treatment of anemia. On the other 
hand, many observers, ¢.g. Cutler and Bradford’, Hunt‘, Delpeuch’, 
Gaillard‘, etc. found clinically that arsenic produces a decrease in the 
number of red corpuscles, Aporti’, again, obtained experimentally an 
increase in the number of erythrocytes*. 

The leucocytes show an appreciable diminution in numbers, amount- 
ing to 14°/,, as contrasted with the considerable leucocytosis which 
occurred in all the preceding series of experiments. Clinically, similar 
results were obtained by Cutler and Bradford?, as also by Pohl”, 
Laache", etc.; but Litten™ believes that the administration of arsenic | 
increases the number of leucocytes. Qualitatively, the changes do not 
differ materially from those in Series I.—III., for the polymorphonuclear 


cells preponderate at the expense of the mononuclear and transitional — 


cells; the eosinophil cells and the nucleated red corpuscles have 
undergone no noteworthy alteration. The corpuscular volume has 
been diminished on an average by 15°/,. The coagulation rate is- 
shortened. 


Taste XI. Exps. 10—11. Arterial blood. 


Exp. Obs. Sp.er. Solidsp.c. Ashp.c. Proteids p.c. Fibrin p.c. 
10 1059 78°92 2108 #$=%679 19°92 8-09 0°35 
2nd 1048 16°89 0-66 


11 1053 79°76 O74 18°70 2°88 


Referring to Table XI. we find that the changes in the arterial 
constituents of the blood correspond fairly closely to those produced in 
Series I., when no drug was used. The specific gravity, solids, total 
nitrogen and proteids show a reduction amounting on the average 
respectively to 1°/,, 12°/,, 6°/,, and 18°/,, The ash has apparently 
increased a little, but in view of the relatively low value obtained in 


1 Lancet, 1. p. 852 et seq. 1893. 2 Brit, Med. Journ. 1. p. 884. 1893. 

3 Amer. Journ. of Med. Sei. 1878, p. 74. 4 Lancet, 1, p. 89. 1880. 

5 These de Paris, 1880. 

6 Cited by Settmann, Beitr. z. path. Anat. xxm. p. 877. 1898. 7 Loe. cit. 


8 The results of this observer cannot be considered on quite the same footing with my 
own, for in addition to being bled, his animals were rendered still further anmmic by a 
diet poor in iron. 

® Loe. cit. 10 Arch. f. exp. Path. u. Pharm. xxv. p. 51, 1889. 

Deut, med. Wochenschr. p, 184. 1891. 

12 Article on “ Pernic, Anemia,” Penzold-Stintzing’s Handb. d. spec. Therapie. 
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Exp. 11, it is open to question whether some loss of the chlorides 


did not occur in the process of calcining. The fibrin is increased in 
quantity. 


Exp. Obs. Sp.gr. HyOpec. Solidsp.c. Ashp.c. Proteidspc. Alb. p.c. Glob. pc. N. p.c. 
10 1023 92°95 705 0-82 5°51 290 261 £090 
2nd =: 11022 93°14 6°86 0°78 5°66 514 O62 O91 


The serum has suffered rather less than the total blood. The values 
for the individual constituents of the serum are higher than in Series I., 
and lower than in Series II.; they closely approximate the results 
obtained for Series III. where organic iron was administered. 
Referring to Table XII. we find a slight diminution in the specific 
gravity, whilst the solids, ash, and proteids show respectively an average 
reduction of 9°/,, 6°/, and 7°/,. The results for the nitrogen are 
somewhat doubtful, for whilst a slight increase has occurred in Exp. 10 
the low value recorded at the second observation in Exp. 11 appears to 
denote a decrease. The qualitative changes in the proteids, noted only 
in one case, appear to consist in a considerable loss of serum-globulin. 


V. THE EFFECT OF HEMORRHAGE UPON THE COMPOSITION OF THE 
BLOOD DURING THE ADMINISTRATION OF INORGANIC IRON AND 
ARSENIC TOGETHER. 


The same procedure was again observed as in Exps, 1—4. In 
addition, after the first bleeding, Blaud’s pills and the Liquor Arseni- 
calis were both given: the one in the form of capsules in doses of 
3 grms, (46 grains) daily; the other in quantities beginning with 
0'4 cc, and rising to 06 cc. (i.e. about 6—12m.) per diem. 


XIII* Exps. 12—13. Capillary blood. 


Exp, Obs. Wt Hb. Redcorp. Colour Leuc. P. LM. SM. T. NLR. Corp. vol. Cong. rate 
lst 7:500k. 98 6870000 100 12200 69 6 17 4 8 1 69 1'80”—1'85” 

12 6-400 6470000 090 8410 79 4 18 8 1 0 68 45”—50" 

1s {is 7500 80 6950000 100 18800 78 5 115 38 O08 2 66 
2nd 7400 76 6840000 0-97 18000 8 38 6 8 1 2 58 15 


® For explanation of abbreviations see footnote to Table I. 
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As is seen in Table XIII. the red corpuscles, which were more or 
less considerably diminished in all the previous observations, have in 
Exps. 12 and 18 practically retained their original value.. The hamo- 
globin is slightly diminished in both experiments, the average reduction 
reaching 6°/,. Its value, therefore, stands at a higher figure than in 
any of the preceding observations with the exception of those of 
Series II. 

The leadobytel show a reduction in quantity which is considerable 
in Exp. 12 and slight in Exp. 13, reaching an average of 17 °/,. 
we have a degree of leucopenia less pronounced, however, than that 
of Series IV. where arsenic alone was given. As in Series IV. there 
is @ preponderance of the polymorphonuclear at the expense of the 
mononuclear and transitional cells; no noteworthy changes have 
occurred in the eosinophil cells and -nucleated red corpuscles. 

The corpuscular volume is diminished, but only by 6 °/, as contrasted 
with the much larger reduction which occurred in Series I—IV. This 
was to be anticipated in view of the absence of a decrease in the 
number of red corpuscles, That a reduction should have taken place 
at all is explained by the alterations in condition to which the red “ 
are probably subject in anzmia. 

The coagulation rate is again considerably shortened. 


XIV. Exps, 12—13. Arterial blood. 


Exp. Obs. Sp. gr. HgOp.c. Solidsp.c. Ashp.c. Proteidsp.c. N.p.c. Fibrin p.c. 


12 1057 467766 1 20°73 810 
2nd 8 18°11 289 0-49 


13 1054 7924 20°76 18°98 S11 0°21 
(2nd 1050 80°72 1928 0°81 18-20 285 0°33 


Referring to Table XIV. we find a general degree of deterioration in 
the constitution of the arterial blood which is less pronounced, however, 
than in any of the preceding series of experiments. 

The specific gravity has undergone changes so minute as to be 
barely perceptible when expressed in the average percentage value of 
the normal. The solids, total nitrogen, and proteids, have undergone 
reductions averaging respectively 9°/,, 7°/,, and 8°/;—figures which 
represent higher values than were found in any other observations. 
The blood-ash appears to have undergone little or no change. The 
fibrin is very considerably increased in quantity. 
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TaBL—E XV. Exps. 12—13. Serum. 


Exp. Obs, Sp.gr. H,Ope. Solidsp.c. Ashp.c, Proteidsp.c. Alb. p.c. Glob. pc. N. pe. 


Qnd. 1025 9265 735 082 650 549 101 1405 


18 }gna 
Turning to Table XV. we see that the serum has suffered less than 
the arterial blood, and considerably less than was the case for the 
serum in any of the previous experiments, In some respects, even, ' 
there has actually been produced an improvement in the condition of 
the constituents of the serum. Thus, whilst the solids are somewhat 
reduced in amount, the specific gravity has practically remained 
unchanged and the proteids and nitrogen have undergone an increase 
in amount beyond their original values. The serum-ash again presents 
no noteworthy alterations in quantity. 


GENERAL RESULTS AND CONCLUSIONS. 


In order to consider the subject as a whole, I have put together 
in Tables XVI—XVIII. results showing the average percentage 
alterations at the final observations in all the experiments. 


TaBLE XVI*. Average allarations at the second observations®. 
Capillary blood. 


Hem. and Hem.and Hem.and Hem.and 
Hem. Inorg. Fe. Org. Fe. Arsenic _ Fe.+- Arsenic 


Hemoglobin 79 101 89. 81 94 
Red corpuscles 89 77 86 88 100 
Colour index 0°89 1:30 1:03 0-92 
Leucocytes 41 136 213 86 83 
Corpuscular volume 89 89 86 85 94 
Coagulation rate 55 64 55 58 63 


* The following abbreviations are used in this and the succeeding tables of percentage 
alterations: Inorg. Fe.=Inorganic Iron. Org. Fe.= Organic Iron. 
> The values obtained at the first observations in all cases are taken as equal to 100. 


The hemoglobin of the blood as shown by Table XVI. is affected 
in varying degrees. Thus, the effect of hemorrhage alone, or of 
hemorrhage during the administration of arsenic, is to produce a 
considerable diminution in the amount of the hemoglobin. Under 
the administration of a preparation of organic iron, the effect of 
hemorrhage upon the hemoglobin is less marked. Under inorganic 
iron, so far from diminishing the hemoglobin, the effect of hemorrhage 
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is actually to increase it above its original value. Lastly, under the 
administration of inorganic iron and arsenic together, there is produced. 


a very slight degree of reduction of the amount of hemoglobin, only 


less marked however than that produced by hemorrhage under treat- 
ment with organic iron. 

The number of red corpuscles is about equally josie by 
hemorrhage alone and. by hemorrhage under administration of arsenic. 
When inorganic iron is employed, the effect of hemorrhage is to cause 
a much greater diminution of the red corpuscles; a similar result, 
though less pronounced, is obtained on using organic iron. When, on 
the other hand, preparations of inorganic iron and arsenic are adminis- 
tered together, the effect of the hemorrhage is to leave the erythrocytes 
unaltered in number. 

A leucocytosis is produced by hemorrhage alone, and by Letaiihen 
under the administration of inorganic or organic iron preparations. 
When arsenic is used, either alone or in combination with iron, we 
find that the effect of hemorrhage is to produce a distinct degree of 
leucopenia, and that the reduction in the number of white corpuscles is 


‘slightly greater in the cases in which arsenic is used alone than in those 


in which this drug is exhibited in combination with iron. Qualitatively, 
the changes are very similar in all the experiments, consisting mainly 
in an increase in the number of the polymorphonuclear cells; no 
noteworthy changes occur in the eosinophil cells and in the nucleated 
red corpuscles. 

The corpuscular volume is diminished in all cases, the reduction 
being least marked when iron and arsenic are given in combination. 

In all cases, both under hemorrhage alone and under hemorrhage 


during the eo of — the rate of coagulation is much 
shortened. 


Arterial blood. 
Specific gravity 99 99 99 “99 100 
Solids 89 86 90 "88 91 
Ash 98 101 . 97 104 99 
Proteids 88 86 89 82 92 
Nitrogen 89 86 83 94 93 
Fibrin 205 158 119 189 215 


In all cases, as is seen in Table XVIL., there is produced a pied or less 
pronounced deterioration in the chemical constitution of the arterial 
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blood. No appreciable difference in the general degree of chemical 
deterioration can be said to exist between the cases where no treatment 
is employed and those in which preparations of iron, organic iron, and 
arsenic alone are administered after the hemorrhage. When, however, © 
preparations of inorganic iron and arsenic are given together the 
general degree of deterioration in the chemical constituents of the 
arterial blood, though still present, is much less marked. | 

The specific gravity is in all cases less affected than the remaining 
factors of the blood. 

The blood-ash appears to be indefinitely, if at all, affected sithar 
by hzemorrhage alone or by hemorrhage during the administration of . 

The fibrin of the blood is greatly increased in all cases. Considerable 

variations in the degree of the increase occur in the different series of 

experiments, but in view of the observations of Mayer, above referred 
‘to, the accuracy of the individual results is open to some doubt. 


Taste XVIII. Average percentage alteration at tha 


Serum. 
Hem.and Ham.and Hem.and Hem. and 
Inorg. Fe. Org. Fe. Arsenic Fe.-+-Arsenic 
Specific gravity 100 100 99 99 100 
Solids 87 103 91 91 96 
Ash 94 102 
Proteids 87 99 91 93 103 
Albumin 105 177 
\Nitrogen 87 94 108 


Some deterioration in the chemical constituents of the serum 
occurs, as is shown in Table XVIIL., in all cases; but the changes are 
scarcely so marked as those noted for the total blood. In that case, the 
degree of deterioration was nearly equal in hemorrhage alone, and in 
hemorrhage under the administration of inorganic iron, organic iron 
and arsenic. In the case of the serum, on the other hand, the effect of 
hemorrhage alone is severer than that of haemorrhage accompanied by 
the administration of drugs. Even arsenic, which afforded little or no 
protection from the injurious effects of haemorrhage to the chemical 
constituents of the total blood, now produces a less pronounced degree 
of deterioration in the serum. Under the administration of organic 
iron, the effect of hemorrhage upon the serum resembles that produced 
under arsenic. The administration of inorganic iron still further averts 
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the injurious effect of bleeding. When preparations of inorganic iron 
and arsenic are employed together, the effect of haemorrhage upon the 
serum is to cause diminution in only one of its elements, t.e. the 
serum-solids, whilst an improvement is actually produced in the other 
cohstituents of the serum. 

_ The serum-ash appears to be ‘reduced by ieemorrhage and arsenic 
alone, whilst the effect of hemorrhage with iron spat arsenic in combi- 
nation is to inerease its amount. 

In all cases, the specific gravity is less affected than the remaining 
factors of the serum. 
The qualitative changes in the serum-proteids, recorded only in the 


observations upon the effect of hemorrhage alone, and of hemorrhage 


during the administration of arsenic, consist of an increase of the 
serum-albumin at the expense of the serum-globulin. 


SuMMARY. 


1. Hemorrhage produces a general deterioration of the blood and 
serum, especially of the former. The hemoglobin is more diminished 
than the red corpuscles. The leucocytes are increased, the change 


- consisting chiefly of an increase of the polymorphonuclear, occasionally 


of the mononuclear cells. The specific gravity of both blood and serum 
is less altered than the remaining factors. The solids, proteids, and 
total nitrogen of blood and serum are more or less equally affected. 
The qualitative change in the serum-proteids consists in an increase 
of serum-albumin at the expense of the serum-globulin. The fibrin is 
increased and the coagulation rate shortened’. The blood-ash remains 
practically unchanged. 

A number of these facts have already been observed by other 
investigators above referred to. Whilst many observations existed 
with regard either to the changes produced by hemorrhage in the 
corpuscular elements and colouring matter of the blood, or to the 
changes in the chemical constitution of the blood and serum, few 


- Investigations have been recorded embracing the consideration of the 


subject from both aspects. In this research the changes in the 


corpuscles and hemoglobin were investigated, and the alterations in 


1 The estimation of the exact ratio between these factors, as also between other factors 
of the blood and serum, ¢.g. sp. gravity to solids, proteids to hemoglobin, etc., is a matter 


of considerable interest.- This subject, however, requires amplification, and I hope to be | 


able to discuss my results fully in a later paper. 
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the chemical composition at the same time more fully analysed than 
had been previously attempted. 
| Earlier observations with regard to the changes undergone by the 

serum in hemorrhage have been incomplete and contradictory. Thus 
von Jaksch', Biernacki’, Miiller’, etc., on the ground of somewhat 
incomplete analyses, have described a relative constancy in the consti- 
tution of the serum ; my results, however, confirm rather the statements 
of von Hoesslin‘, Sherrington and Copeman’, Grawitz‘’, and 
others who—on the basis of investigations which cannot be said to be 
very far-reaching—found that with the exception of the — gravity 
of the serum, considerable changes occur, | 

2. Hemorrhage during the administration of inorganic iron pro- 

duces a general deterioration of the blood and serum, the latter being 
considerably less affected than by hemorrhage alone. The hemoglobin 
is increased above its original value, whilst the red corpuscles are even 
more diminished than by hemorrhage alone. The leucocytes, both 
quantitatively and qualitatively, are affected as by hemorrhage alone. 
The same applies to the specific gravity of both blood and serum, and 
to the golids, proteids, and total nitrogen of the blood. The solids, 
proteids, and nitrogen of the serum are affected in varying degrees. 
The alterations in the fibrin and the coagulation rate correspond to 

those produced by hemorrhage alone. 
_. As has been stated, the effect of hemorrhage during the adminis- 
tration of inorganic iron upon the red corpuscles and colouring matter 
of the blood has been investigated frequently ; the results, however, of 
different observers are very contradictory. Thus Hoffmann’ found that 
the administration of iron averts the injurious effects of hmamorrhage — 
in the case of the red corpuscles alone, and that the hemoglobin is 
only later, and secondarily, benefited. Aporti’, on the other hand, 
found that no effect is produced on the red corpuscles and that the 
hemoglobin is alone benefited. My results, therefore, differ from i 
those of both observers. 

The changes in the — gravity and i in the chemical constitution | 


1 Zeitechr. f. klin. Med. p. 187. 18938. Ibid. xxrv. p. 460. 1894. 
3 Virchow’s Archiv, cuxtv. p. 436. 1901. - 

* Miinch. med. Wochenschr. 1889, p. 815; Ibid. 1890, p. 654. 

® This Journal, xrv. p. 52. 1893. 

® Deut. Arch. f. klin. Med. tty. p. 588. 1895. 

7 Minch. med. Wochenschr. 1889, p. 248; Virchow’s Archiv, cux. p. 235. 

® Centralbl. f. in. Med. xxi. p. 41. 1900. 
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of the blood and serum have been touched upon by Eger’, who 
analysed the changes in the solids and specific gravity, but no full 
investigation into the changes produced in these, or in the coagulation 
rate, has hitherto been made. 

3. Hemorrhage during the administration of organic iron produces 
alterations in the blood and serum closely resembling, but less pro- 
nounced than, those under hemorrhage and inorganic iron. 

4. Hemorrhage during the administration of arsenic produces 
changes in the total blood which in every respect closely resemble 
those caused by hemorrhage alone, with the exception that the number 
of leucocytes is diminished instead of increased. The condition of the 
serum, however, resembles that produced by hemorrhage and inorganic 
iron, ae. it is better than under hemorrhage alone, but not so good as 
in hemorrhage and inorganic iron. The qualitative changes in the 
serum-proteids correspond to those produced by hemorrhage alone, 
te. the serum-albumin is increased at the expense of the globulin. 

These results differ materially from those by Aporti (op. cit. supra), 
who, however, confined his attention to the investigation of the i 
in ‘the red corpuscles and hemoglobin. 

5. Hemorrhage during the combined administration of i iron and 
arsenic produces a degree of deterioration of the total blood which is 
much less marked than that produced either by hemorrhage alone or 
by hemorrhage during the administration of either of these drugs 
singly, A very slight deterioration is produced in the serum—in some 
respects, indeed, the change in the serum amounts to an improvement 
in the condition. The condition of the red corpuscles is better than 
in any of the other experiments. The hemoglobin is very slightly 
diminished, but less so than by hemorrhage alone or by hemorrhage 
during the administration singly of iron and arsenic. The leucocytes 
are affected—although less pronouncedly so—as by hemorrhage and 
arsenic alone. For the rest, the changes correspond to those produced 
in the other experiments. 


1 Zeitschr. f. Modi p. 885. 1897. 
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ON THE PHYSIOLOGICAL ACTION OF THE KENYAH 


DART POISON IPOH, AND ITS ACTIVE PRINCIPLE 
ANTIARIN*. By C. G. SELIGMANN, MB., Late Salters’ 
Company Research Fellow, St Thomas's Hospital. (Three Figures 
in Text.) 


WHILE in Sarawak in 1899 I obtained a quantity of the vegetable 
poison with which the Kenyahs of the Baram district poison their 
blowpipe darts. The collection of the crude sap of Antiaris toaicaria, 
of which when inspissated the poison consists, and the process of 
preparation employed were studied, while staying in the house of a 
Murik (Kenyah) chief, at Long Tamala, on the Baram river. Since 
details of the preparation have been published elsewhere’, it is here 
only necessary to state that, unlike certain other tribes of Borneo and 
the Malay peninsula, the Kenyahs use the sap of the upas tree, 
Antiaris toaicaria, unmixed with other substances to poison their darts. 
It is applied to these as a paste made by mixing the inspissated 
powdered sap with water and subsequently slowly drying the poisoned 


‘darts before a small fire. 


Passing over the wonders of the upas tree and of the potency of its 
juice and emanations as related by the earlier travellers in Malaysia, 


_ the first European experiments were made by Delisle and Magendie* 


with poison brought home by Leschenault. More exact experiments 
recorded in 1811 were performed by Brodie‘, who showed that the 
heart-beats became weak and irregular before either respiration or 
consciousness suffered. He thought the convulsions present at the 
same time were secondary results. A large number of investigators 
now became interested in the subject; they worked both with poisons 
derived from the juice of Antiaris toaicaria and Strychnos tieute without — 


gant was mado by the British Modi 
Association. 

2 Journal of the Anthropological Institute, : xxxit. 1902. 

> Delisle et Magendie. Mémoires de l'Institut, 1810. 

* «Experiments and Observations, &c.” Phil. Trans. 1811. 
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properly these; thus, according to Hedbom’, Wetting 
found strychnine in a sample of “ Upas antiar.” Hence the results 
obtained were often contradictory. Pelletier and Caventou’® studied 
the chemistry of the upas poison, and Mulder® subsequently was able to 
isolate a crystalline body, to which he gave the name antiarin; he was 
able to satisfy himself that the body he isolated was the toxic principle 
of the poison, but stated that “ pure antiarin is not more active than 
ipoh itself.” Much later, in 1868, Devrij and E. Ludwig* showed 
that antiarin was a glucoside. Kélliker® considered that the paralysis 
of the heart it produced was the origin of the subsequent paralysis of the 
nervous system and drew attention to the paralytic effect of Antiarts on 
voluntary muscle. Pelikan* showed that the action on the heart was 
independent of the nervous system. Later Pelikan and Kélliker’ 
together corroborated the latter's observations on the paralysing effect — 
of Antiaris on muscle: in some cases the poison was applied directly to 
the muscle; in others the same effect was produced by the poison 
circulating in the blood. Pelikan working with Dybkowsky* 
compared the action of Antaris with other heart poisons, and very 
minutely described its action on the frog’s heart. They noted the 
irregular peristalsis and slowing of the heart and considered that 
increased excitability of the heart nerves often preceded the final 
paralysis. Neufeld*® showed that stimulation of the vagus had 
no effect on the poisoned heart, nor was he able to antagonise the effect 
of antiarin by Stannius’s ligature; he could, however, do this by 
poisoning with prussic acid. Sir Michael Foster”, who studied 
the effect of vagus stimulation on frogs’ hearts poisoned with “antiar,” 
could not confirm this. He found that the toad’s heart was not affected 
by the drug, a point of especial interest in view of later work on the 
effect of antiarin on the hearts of R. temporaria and esculenta 
respectively. Piovene”™ found that the spinal cord was affected 


1Hedbom. Archiv f. exp. Path. u. Pharm. xtv. 1901, 

? Pelletier et Caventou. Ann. de Chimie et de Physique, xxv1. 1824. 

3’ G.J.Mulder. Poggendorf Ann. 1838, 

* Devrij und E. Ludwig. Sitzungsber. der Wiener Akad. tvn. 1868, 
K6lliker. Verhandl. der phys.-med. Gesellsch. in Wiirzburg, vii. 1857. 

6 Pelikan. Gaz. Méd. de Paris, 1858, 

7 Pelikan und Kélliker. Verhandl. der phys.-med. Gesellsch, in Wiirzburg, 1x. 1859. 

8 Dybkowsky et Pelikan. Gaz. Méd, 1861. 

* H. Neufeld quoted by Hedbom. 

10 Journ. of Anat, and Phys, 1876, 

1 Quoted by Hedbom. 
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independently of the heart. Braidwood', who examined a dart poison 
“Dajaksch” from Borneo, undoubtedly identical with that derived 
from the juice of Antiaris tovicaria, drew attention to the differences 
present in various classes of animals in the final stoppage of the heart. 
Valentin’ first noted the minimum lethal dose; he found this to be 
1/300th milligram of antiarin in the case of the frog. He considered 
that antiarin quickly destroyed the excitability of nerve, and more 
especially of muscle. Joseph Miiller*, working partly with Antiaris 
juice and Ludwig’s antiarin, came to the conclusion that the poison 


acted not only on the heart but also on the central and peripheral 


nervous system and on the muscles. OC. von Schroff, junior’, showed 
that antiarin raised the blood-pressure after as well as before section 
of the spinal cord, so that the vessels took part in raising the blood- 
pressure. 

Four recent papers on ipoh or its active scinabt are of special 
importance. One of these by Hedbom, which deals only with the 


_ physiological action of the poison, will be immediately referred to. The 


most important of the remaining three is that by Kiliani*. This 


_ investigator examined the chemical composition of the juice of several 


large upas trees, which was collected by Vaughan Stevens in the © 
Malay peninsula and sent home in tins preserved by admixture with 
methylated spirit. 

From this besides other bodies he isolated antiarin as a crystal- 
line nitrogen-free glucoside having the formula C,H,.O,. The 
physiological effect of this preparation has been carefully studied by 


Hedbom, who states that in cats spasms and even opisthotonus 


occurred shortly before death. A small rabbit also died in convulsions. 
Slight convulsions sometimes were present in pigeons. In frogs 
convulsions occurred before the circulation failed. 

Hedbom found that the heart of Rana esculenta was far less readily 
affected by antiarin than that of R. temporaria; indeed it was not 


_ always possible with minimal doses to produce the characteristic effect 


of the poison on the large flaccid hearts of the former, which might for 
days continue to give a few slow peristaltic beats. He obtained 
physiological evidence of the presence of antiarin in such hearts 
when these were extracted with normal saline and the extract injected 


1 Braidwood. Edinb. Med. Journ. x. 1864. 

* Valentin. Pfliiger’s Archiv, 1868, 1869, 1871. 
Quoted by Hedbom. 
4 Kiliani. Archiv d. Pharmacie, 1896. 


<A 
td 
= 
f 
“9 
‘a 
12 
4 
a 
ia 
i 
; 
A 
~ 


42 @ SELIGMANN. 


into small specimens of temporaria. Under these circumstances some 
increase in the force of systole and peristaltic contractions were observed 
on several occasions, but considerable slowing of the heart or systolic 
arrest never occurred. Hedbom further confirmed Neufeld’s state- 
ment that prussic acid was to some extent antagonistic to antiarin, and 
found that the application of a few drops of a dilute solution of the 
former to the arrested heart was sufficient to start the latter beating 
again, provided the dose of antiarin previously used to produce arrest 
was not too large. 

This preparation also had a special effect on voluntary muscle and 
nerve, which will be considered later. 
Ktikenthal’s' investigations were convied out with a 
quantity of a poison he collected from the Kayans of the Baram district. 
This he at first thought consisted of the juice of Antiaris toxicaria, but 
later considered that he was dealing with a substance which was to all 
appearances “a quite unknown dart poison.” In estimating the value 
of his results it must however be remembered that he had only a small 
quantity of substance with which to work, and that no attempt was 
made to isolate an active principle, so that it is not unfair to suggest 
that many of the chemical reactions described which are given by a 
large number of bodies are due to various physiologically inert 
substances present in the poison, almost certainly the dried juice of 
Antiaris toaicaria, which he was investigating, 


When injected into a frog Kiikenthal’s poison produced effects so 


typically those given by A. toxicaria that it is difficult to believe it was 
anything else. In its lack of effect on muscle and nerve it agrees with 
the juice of A. toxicaria examined by myself. Its action on the heart 
of a rabbit when injected is not that which is commonly produced by 
A. toxicaria, but twice when experimenting with antiarin and once with 
ipoh I have seen just such effects as Kitikenthal describes, namely a 
gradual fall of blood-pressure without a preliminary rise or any 
considerable alteration in the number of the beats until just before the 
end. Hence it does not seem to be going too far to conclude that 
Kiikenthal collected a poison which consisted wholly or as far as its 
active constituent was concerned of Antiaris toxicaria. _ 

Geiger, who has brought together a mass of information bearing 


on the history and ethnography of the dart poison used throughout — 


Malaysia, has examined a sample of Dusun poison obtained from the 


1 W. Kiikenthal. Ergebnisse einer zoologischen Forschungsreise in den Molukken und 
Borneo, pp. 284 et seq. | 
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Leyden Museum. From this as well as from a sample of Antiaris bark 
obtained from the same collection he was able to isolate besides antiarin 
a body which contained nitrogen and which he considered to be an 
alkaloid. Its pharmacological action was tested by Cloetta, who stated 
that it resembled antiarin but was much stronger. The control 
experiments by the same authority with antiarin provided and 
presumably prepared by Geiger, considered in the light of Hedbom’s 
and my own results, cannot however escape criticism. Cloetta found 
that in warm-blooded animals “doses of 7 or 8 mgr. were without any 


effect,” while in frogs (species not stated) doses of 0°5—1 mgr. 


produced only somewhat irregular action of the heart, a dose of 2 mgr. 
being required to produce systolic arrest of the heart and paralysis. 
Now Hedbom, working with antiarin prepared by Kiliani, found that 
esculenta hearts which are considerably more resistant than those of 
temporaria were in every experiment except one arrested in from 12 to 
20 minutes by doses of from 0°1 to 0'2 mgr. If Cloetta used a watery 
solution of antiarin which had been made up a few days, this would be 


enough to explain the discrepancy, since antiarin in. watery solution 


rapidly loses its toxic effect. 


helene of Avthinti: the poisonous principle in the jure of 
Antiaris tomicaria. 


When the juice is freshly drawn from the tree it is neutral in 
reaction and yellowish-white in colour, soon darkening on exposure 
to the air. It has an intensely bitter taste. The Kenyahs gently heat 


the fresh juice in palm-leaf vessels for from twelve to twenty-four 


hours, when it slowly solidifies into a hard, black, resinoid mass. This 
is the poison ready for use. It is found to be almost entirely soluble 
in water ; if the water used is cold there is left a yellowish flocculent 
mass consisting of starch grains and resin globules held together by 
a slight amount of débris. This watery extract, which is poisonous, 
becomes gradually inert at ordinary temperature. By means of benzine, 
ether, and alcohol it is possible to extract from ipoh resins and other 
substances, themselves inert, which owe their toxic properties to the _ 
admixture of traces of antiarin. 

Antiarin in the form of microscopic needle-shaped crystals, or some- 


times as flat plates, with a not quite sharp melting point between 


208° and 215°C., was obtained as follows. 
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_ Ipoh was extracted with boiling benzine for two days, by which means 
most of the inert resins were got rid of; the dried residue was then 
dissolved in water and the dark brown fluid so obtained treated with 
basic lead acetate, which precipitated the pigment. Excess of lead 
was removed from the clear filtrate by sulphuretted hydrogen and the 
resultant slightly acid liquid neutralised with chalk was evaporated to 
dryness. The residue was extracted with alcohol from which crystals 
of antiarin, subsequently purified by recrystallisation from water and 
alcohol, were obtained. 


The substance so obtained was found to be a N-free glucoside, — 


which on hydrolysis split into a reducing sugar and a yellowish body, 
which unlike the products of —— of other poisons of the digitalis 
group was quite inert. 

The preparation was dried at 100° in vacuo in Meyer's exsiccator. 

A number of analyses of the dried antiarin were made, of which 
the following are the results. 

L gave = 61°57 °/, C, and 0°1006 grms. 
H,0 =7°51°/, H 

II. 0:2866 gave 0 6460 grms. CO,=61°40°/, C, and 0°1270 grms. 
H,O =7°03°/, H. 

III, 02112 grms. gave 0°4754 grms. CO,= 61°38 °/, C, and 
01368 grms. H,O=7°19 °/, H 

The formula that agrees best with the above results is: C,H,,0,, 
which from the following table will be seen to agree very closely with 
the average of the above figures. 


1, IL. IIL, analyses 
C 61°57 61-40 61°38 61°26 61°46 
751 7°03 724 | 731 


The above analytical results are at variance with those of Kiliani, 
who found C 61°46, H 8-05. 
Ludwig and Devrij gave figures which agreed with Kiliani’s, 
C 61:23, H 8:09. 
- My figures for carbon 61:26 show no divergence from these, but 
for H (7:24) I find a lower percentage. The earliest analyses of 
crystalline preparations of this poison—those of Mulder—led him to 
the formula C,,H,0,, which would require H 7°46°/, That this 
divergence from Kiliani’s analytical results however is not to be 
attributed simply to accident seems to be borne out by pharmaco- 
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logical differences between the two preparations which will be described 
in @ later part of this paper. 

On boiling a fairly strong solution of ipoh with hydrochloric acid, 
a brownish somewhat flocculent resin-like substance is formed on the 
surface of the fluid. This was found to be quite insoluble in water, 
but to easily dissolve in dilute sodium hydrate, which could be almost 
neutralised without causing a precipitate. Injections of such an almost 


‘neutralised solution produced no effect on guinea-pigs, and the insertion 


of a small quantity of a carefully washed and dried resin under the 
skin likewise produced no effect. 

_ Physiological: action of ipoh. This was studied on various classes 
of animals, but especially on amphibians, birds and mammals. 

(i) Fish and small freshwater crustacea were left in a weak watery 
solution of ipoh for some hours without any effect being produced. 

(ii) Frogs into which ipoh had been injected subcutaneously showed 
well-marked symptoms, Incoordination with inability to maintain their 
position on an inclined plane was first noticed, often accompanied by 
passing clonic spasms, especially of the hind legs and occasional gaping 
movements of the lower jaw. Respiration became slower with apneic 
intervals, but this was not a constant effect. Meanwhile paresis passing 
into paralysis appeared ; before the latter was complete a limb when 
stimulated was not invariably withdrawn, though it generally was. 
Complete paralysis of the limbs and trunk preceded the cessation of 
the reflex movement of the third eyelid obtained by stimulating the 
cornea. Not infrequently a short period of excitation evidenced by 
increased activity was noted immediately after ipoh was injected. 

The frogs used in the following experiments belonged to two 


species: R. erythrea and R. temporaria. The former is common in 


the Baram district of Sarawak, in habit and growth it closely resembles 
R. temporaria and no difference in the action of the poraots on the 


two species could be detected. 


A freahly prepared solution, equivalent to 3 mgs., was injected under the skin of a large 
frog (Rana erythrea) at 6h. 6m. At 6.9 the animal’s reply to a mechanical stimulus 


became slow and it could no longer balance itself on an inclined plane. By 6.12 its — 


breathing had become feeble; at 6,14 respiration stopped after violent efforts during which 
the mouth opened spasmodically a few times, apparently pulled open by vigorous 
contractions of the sub-maxillary muscles. At 6.15 these efforts ceased. The palpebral 
reflex was still brisk and there were occasional clonic convulsions of the toes, followed by 
tonic flexor spasms of the ankle and metacarpal joints. Paralysis was almost complete, 
the hind legs being only occasionally withdrawn on being struck with a fair amount of 
force; gentle pricking appeared A few incoordinate movements 
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were still made on letting the animal drop afew inches. They ceased about 6.18 and the 
palpebral reflex which lasted until 6.28 was the only movement which could be elicited. 

On post-mortem examination the ventricle was found contracted in systole and pale 
and bloodless, the auricles and sinus venosus being distended with blood, the liver and 
abdominal veins contained much blood. Both nerve and muscle reacted to stimuli, and 
_ the same occurred after applying the drug locally to either or both. 


On applying ipoh to an exposed frog’s heart diastole is prolonged 
while systole i is markedly peristaltic and incomplete ; for the most part 


the apex is tonically contracted before the base, and it seems as if each 
few contractions brought the tonic zone nearer to the base until the 
ventricle stops in systole, the auricle continuing to beat. 

A cardiograph shows that the beats become slower and more 


forcible, then the ventricular beats become smaller, the auricles beating — 


slowly and firmly till the ventricle stops in systole; the auricular beats 
then become slower, slighter, and more irregular until the auricles 
stop in diastole. Neither vagus stimulation, nor the application of 
atropine to the heart, has any effect upon the action of ipoh. 

In one experiment (R. erythrea) in which ipoh had been injected 
subcutaneously, a modification of the typical systolic arrest was noted. 
The auricles were distended with blood, the greater part of the ventricle 
was contracted in systole and appeared pale as is normally the case, 
but a small portion adjacent to the left auricle was uncontracted and 
remained so in spite of mechanical stimulation. 

The action of ipoh on frogs therefore is to produce 
(1) clonic spasms of the muscles, (2) paralysis, (3) systolic 
arrest of the ventricle. 

When in place of the crude poison a solution of the crystalline 
preparation of antiarin was injected, exactly the same results were 
obtained, with the exception that the clonic spasms were not elicited. 
Death resulted from systolic arrest of the ventricle and was preceded 
by paralytic symptoms. As to the part of the neuro-muscular system 
the affection of which caused the paralysis, the following experiments 


show this to be the nerve-centres. Whether these are affected directly . 


by the poison or secondarily owing to circulatory failure does not seem 


clear. In mammals the former is undoubtedly the case, in frogs the — 


heart is as a rule arrested before paralysis is complete, this indeed 
is usually found to have occurred when the reflexes have ceased to 
be performed easily and precisely. 

The brain of a fair-sized frog (Rana erythrea) was destroyed and a ligature was passed 
round the muscles and blood vessels of the left hind limb, the nerve being left unineluded 
in the ligature. A freshly prepared solution equivalent to 8 mgs. was injected subcutaneously. 
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After the heart had come to typical systolic arrest no difference in the excitability of the 
muscles of the two hind legs could be detected; the nerves too were equally excitable. 


_ The muscles and nerve of the leg round which the ligature had been were then freely 


painted with a 1°/, solution of ipoh; after this had acted for some time the muscles still 
reacted well to direct and indirect stimulation by the faradic current. A ‘precisely similar 
result was obtained in another experiment in which a frog of the same species similarly 
treated was injected with a freshly prepared solution containing 2 mgs. of the poison. 
These results were controlled by experiments in which both nerve 
and muscle of nerve-muscle preparations were painted with solutions 
of ipoh, or immersed in’ ipoh baths, varying in strength from 0°5 mg. 
to 2mg. per cc. of normal saline, or immersed in a bath of antiarin 
containing 1 mg. in 10c.c. In no case was any diminution of excitability 
of the preparation noted on stimulating the nerve, nor did the muscle 
show signs of premature fatigue. The latter was tested for by giving a 
series of about a hundred shocks in rapid succession without moving the 
secondary coil of the induction machine, which throughout the experiment 
was at such a distance from the primary that only the break shock was 
effective. 
_ Two frogs in which the brain was destroyed, the animals oa 


subsequently allowed to recover from shock, reacted to ipoh substantially 


as an uninjured animal would, thus showing that the paralysis is at any 
rate in part spinal in origin. It was necessary to determine this point 
precisely, since other observers have come to the conclusion that the 
poison acts on the muscles themselves as well as on the nerve-centres. 

Of these experiments Hedbom’s are the most important, as he 
worked with the antiarin prepared and analysed by Kiliani and 
referred to above. 

Kélliker and Piovene agree that the paresis is at first central in 


| origin. Pelikan thought that it was at any rate partly peripheral. 


Hedbom describes the following effect observed on immersing frog’s 
muscle in a bath containing 1 mg. of antiarin dissolved in 20 c.c, of 
Ringer’s solution or normal saline. “...The muscles quickly showed 
well-marked fibrillary twitching. Everywhere in the belly of the 
muscle there appeared grooves and deep furrows which continually 
changed their position and disappeared.” Such muscles quickly 
became less excitable both to direct and indirect stimuli. He further 
found great diminution and in some cases total abolition of excitability 
in the muscles and nerves of frogs (several R. esculenta and one 
R. temporaria) into which antiarin had been injected subcutaneously. 


In these experiments the temporaria heart had come to — arrest, 


the esculenta hearts had not.. 
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The results obtained by Hedbom with this preparation were 
certainly not to be obtained with my preparations of antiarin. As has 
been already pointed out the analyses of my preparations and of 
Kiliani’s show that the substances we respectively obtained were not 
identical, the results of ee tests also point to their being 
different. 

Experiments with ipoh and antiarin (‘5 mg. per c.c.) which had been 
left. in solution in methylated spirit at 37°C. for one month were also 
carried out with the idea that the method of preservation of the material 
from which Hedbom’s antiarin was derived might account for his— 
results. No effects such as he saw were however noted, nor although 
this point was not especially studied was the form of the muscle curve — 
obviously altered. 

- It is, however, possible that while keeping ipoh or pure katiatin in 
methylated spirit at a tropical temperature produces no effect, fresh 
Antiaris juice, which contains many other bodies besides antiarin, might 
under these circumstances conceivably change partially, if not completely, 
as regards the nature and properties of its active principle. 

As regards dosage the following experiments show that for pithed 
frogs the minimum dose required to produce the full physiological effect 
on the heart is between ‘01 and ‘005 mg. of ipoh, while as utile as 
‘001 mg. of antiarin produced a typical effect. 


Frog (wt. 23 grms.). Brain destroyed, animal allowed to get over shock. Heart at 
11h, 23m. beat 52 per minute. 0-1 mg. ipoh s.c. at 11,36. 11.50, renin sarliccavarae 
12,27, heart in typical systolic arrest. 

Frog (wt. 25 grms.) treated as above. Heart at 11.25, 42 per minute. Ipoh 0°05 mg. s.c. 
at11.27. 11.52, heart 34 per minute, beats markedly peristaltic. 12.30, heart 34 per minute, 
beats markedly peristaltic. 3.45, heart 28 per minute, beats irregular. A similar experiment 
with 0°07 mg. gave practically identical results. 

Frog (wt. 12 grms.) treated as above. Heart at 11.21, 57 per minute. Ipoh 0°01 mg. s.c. 
at 11.30. 12.80, heart 60 per minute, 3.40, heart 24 per minute. Beats irregular and 
peristaltic, 

Frog (wt. 12 grms.) treated as above. Heart at 11.24, 63 per minute. Ipoh 0-005 mg. 
s.c.at 11.85. 12.80, heart 62 per minute. 3.45, heart 60 per minute. Not observed further. 
Frog (wt. 14grms.). Heart beating 60 per minute. Antiarin 0°1 mg. s.c. at 11.37. 
At 11.46, heart 41, systole prolonged, At 12.7, heart found arrested in systole. 

Frog (wt. 12grms.). Heart beating 75 per minute. Antiarin 0°02 mg. s.c. at 10.50. 
At 11.45, heart beating 72 per minute. 1p.m., heart 46 per minute. 1.46 p.m., 32 per 
minute. Found arrested and typically contracted in systole at 3.20, 

Frog (wt. 15 grms.). Heart beating 55 per minute. Antiarin 0-005 mg. s.c. at 10,58. 
At 11.45, heart rate was unaltered. At 12.54 it was 34 per minute and markedly peristaltic 
in character. At 1 p.m. 80; at 1.47, 16, and at 3.25, 8 per minute, 

Frog (wt. 11 grms.). Heart beating 52 per minute. Antiarin 0-001 mg. s.c. at 7.22. 
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At 9.15 it beat 42 per minute. At 11.30, 36 and the contractions were peristaltic. A frog | 
about the same weight received 0°0005 mg. s.c., this produced practically no effect. 
In these experiments the heart was much affected before paralysis became marked. 


(iii) In mammals the short convulsive movements, seen after 
administering ipoh to frogs, become one of the chief features of the 
action of the poison, and in addition to the other effects seen in frogs, 
gastro-intestinal symptoms are conspicuous. Repeated acts of defzecation 
are common; often the stools are loose and watery: this character was 
never present in guinea-pigs, but appeared to be fairly constant in 
carnivora in whom salivation and vomiting are usually well marked. 
In cats under an anesthetic, to which the drug had been administered 
by intravenous injection, the ultimate rapid fall of blood-pressure which 
immediately preceded death was usually accompanied by salivation and 
by straining efforts often resulting in vomiting. Convulsions do not, 
however, invariably occur and are usually absent when large and rapidly 
fatal doses are given. It was found that about 0°75 mg. was the 
minimum fatal dose when injected subcutaneously into a guinea-pig 
weighing from 300 to 400 grams. Such a dose of ipoh produces 
shivering, jerking movements of the head due to weakness and perhaps 
subsequent spasm of the muscles at the back of the neck; the breathing 
becomes deep and slow and there is paresis of the hind legs. . Stimulation 
produces violent but badly coordinated movements. Defscation and 
micturition are frequent. Clonic spasms of the hind legs then come on, 
the fore legs being involved later and to a less extent: these presently 
give place to short tetanic twitches which become more marked and 
frequent shortly before death, when the animal may become quite limp 
or one limb only may be rigid. If the animal is going to recover the 
spasms intermit and food is soon taken, though for another twelve hours 
or so there is some paresis. 

Post-mortem : The heart is found arrested in diastole (very rarely 
the ventricles are in systole) and distended with blood: often by a single 
stimulus applied to the distended ventricle, or even without this, a very 
slow contraction of the ventricular wall takes place so that without any 
definite beat the ventricles may be found extremely contracted a quarter 
of an hour after the chest is opened; the lungs may show a few small 
sub-pleural (probably agony) hemorrhages and are generally congested. 
The liver and large veins of the chest and abdomen contain much blood. 
Two or three sub-lethal doses at a few days’ interval produce very marked 
granular degeneration of the secreting tubules of the kidney in guinea- 
pigs. | 

PH. XXIX. 4 
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At 2h. 40m. 1 mg. of a freshly prepared solution of ipoh was injected into a guinea-pig 
weighing 450 grms. Immediately after the injection itate. At 3.12 its head tended to droop 
forwards, This gave rise to jerking movements of the head due to the weakened muscles 
of back of the neck failing to rectify its position more than momentarily. At 3.20 the 
breathing appeared somewhat laboured and the reflexes were still quite brisk, notably the 
auditory reflex, perhaps this was even somewhat exaggerated, snapping the fingers making 
the animal start violently. This condition only lasted for a short time and paralysis of 
the legs—especially the hind legs—soon came on, so that by 3.27 the animal lay flat on its 
belly. Its respiration, which at the beginning of the experiment was about 90, was now 
about 150. Paralysis was not complete for stimulation still provoked reflex movements 
and the animal even made occasional independent efforts to move. The breathing became 
more laboured, the head lolled on the bottom of the cage. At 3.40 feces of normal 
consistency and appearance were passed repeatedly. At this time there was marked 
weakness of fore limbs and almost complete paralysis of the hind limbs. At 4 p.m. 
@ convulsion occurred; at 4.10 the animal lay on its side making but few feeble and 
incoordinate movements; these were interrupted by momentary tetanic convulsions, 
principally affecting the hind legs. The tetanic convulsions became more marked and the 
breathing became deeper and slower at the rate of 118 to the minute. At 4.35 there was 
almost continual clonic spasm alternating with tetanic cramps. Micturition and defecation 
were frequent. At 6 o’clock there was continued clonic tremor of the fore limbs and the 
animal made occasional incoordinate efforts to regain its equilibrium, which generally 
brought on tetanic cramps. This condition alternated with periods of quietness. The 
animal’s condition gradually improved, the cramps become less marked, and by 6.55 it 
was on its feet moving comfortably but slowly about the cage. At 8 o’clock the animal was 
quite lively and behaved normally, nibbling greedily at some cabbage-leaves which were 
placed in its cage. Its respiration was 96, There was still some paresis of the hind limbs 
which had passed off by the next morning. | 

When doses of ipoh equivalent to several times the minimum fatal 
dose are given spasms and convulsions are absent, the animal may 
for a few minutes soon after injection have tremors but usually these 
are absent or very slightly marked. Paralysis comes on quickly and 
the animal lies helpless on its side, its respiration, at first quickened 
~ and then forced, becoming gradually shallower until it ceases. Usually, 
as the chest ceases to move, the muscles of the nose and snout contract 
a few times. The heart continues to beat for some time after respira- 
tion has ceased, its rhythm is irregular and the second sound sometimes 
appears reduplicated. In no case in mammals was there any doubt 
but that the paralysis was produced by the direct action of the drug 
on the nervous system and was not due to failure of the circulation. — 

A guinea-pig weighing about 400 grms. was given a siwbeutaneous injection of 4 mgs. of 
freshly prepared ipoh solution at 10 hrs. 19 mins. At 16.30 its reflexes were increased, at 
10.35 it lay helpless on its side and died quietly at 10.40, just before which the snout 
muscles were noted to slowly contract and relax several times. Its heart continued to 
beat for at least 10 minutes after respiration had ceased, and the corneal reflex had 
disappeared. 

A smaller guinea-pig weighing about 200 grms. given about 2 mgs. ipoh at 10.15 had 
_ tremors at 10.25, was paralysed at 10.30 and dead at 10.37. 
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When instead of ipoh the pure glucoside antiarin is injected into 
a guinea-pig paralysis is set up, but neither with lethal nor with 
sub-lethal doses is there any sign of the clonic spasms which are so 
conspicuous in poisoning by the crude drug. 


0-2 mg. of antiarin dissolved in a small quantity of 25°), alcohol was injected under 
the skin of a guinea-pig weighing 435 grms. at 2h. 9 mins. 

At 2.50 there was well-marked paresis and the head dropped as if it were too heavy for 
the neck muscles to sustain. At 3.2 the paralysis was extreme, the animal which lay at. 
the bottom of the cage could not maintain its balance on its belly but rolled to one side. 
On stimulation incoordinate movements occurred. At 3.5 respiration was difficult and 
became increasingly so till 3.25 when the animal died quietly. 

Post-mortem. On opening the chest the heart was still beating, the auricle beating 
120 per minute, the ventricle 43. Both auricles and ventricles subsequently stopped in 
diastole. The latter, especially the left, were firmly contracted a few minutes after 
4 hrs. 0 min. 

A guinea-pig weighing 379 grms. was given a subcutaneous injection of 0-025 mg. 
antiarin. This produced a certain amount of loss of liveliness for an hour or two 
accompanied by a tendency for the head to drop, pointing to weakness of the retro-collic — 
muscles. The animal did not however seem in any discomfort and ate during this time. 

The dose was repeated on the two following days producing on each occasion the same 
effects. 

On the next day and three days later doses of 0°05 mg. were given, the same effects in 
a more marked degree were noted. On each occasion there was decided disinclination to 
move, the head dropped and no food was taken for some hours after the injection, during 
which time the animal’s movements were weak. ; 

Between the doses the animal was perfectly well; it was noted that the animal had 
gained slightly in weight since the beginning of the experiment. 


The lethal dose of ipoh for guinea-pigs was found to be about 


- 0:2 mg. per 100 grms., thus: 


02 mg. injected into a guinea-pig weighing 275 grms. produced 

tremors and some paresis followed by speedy recovery. 
- 05 mg. injected into a guinea-pig weighing 260 grms. produced 

death in a little under an hour. 

0°75 mg. injected into a guinea-pig weighing 360 grms. produced 
death in about 30”. 

10 mg. injected into a guinea-pig weighing 450 grms. produced 
symptoms just short of death. 

As regards the lethal dose of antiarin, as already stated 0°2 mg. 
was fatal to a guinea-pig weighing 435 grms. in a little over an hour. 
A dose of 0°1 mg. injected into a guinea-pig of roughly the same 
weight produced illness and paralysis short of death. Next day the 
animal was well. 

If blood-pressure curves ie taken in a mammal (cats and rabbits 
were investigated, under anesthetics) the first effect observed is a 
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steady rise of blood-pressure with usually a slowing of the pulse. This 
occurs even with quite small doses. 


Fig. 1. 


If the dose is larger the steady rise of pressure is succeeded by a 
period in which with the pressure still high the inhibitory mechanisms 
are excited, dropped beats appear or longer pauses causing irregularities 
of various degrees. Death is usually caused by sudden extreme inhibi- 
tion in this stage. 


Fig. 2. 


This is seen in Fig. 2, as the result of the injection of 1 mg. of 
ipoh after a previous dose of 2mg. The first dose had caused a 
considerable rise but left the pulse regular, with the second dose 
irregularities were induced and a sudden fatal inhibition of the heart. 
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- It is much less usual for the inhibitory apparatus to become 
_ suddenly paralysed after the preliminary stage of excitation and without 
~ any inhibition occurring from which recovery does not take place. In 
these instances the curve is commonly maintained for some time at 
a high pressure with a very rapidly beating heart, and death results 
from a gradual sua of the heart, the blood-pressure curve matting 
slowly. 

More rarely this result is brought about without any preliminary 
rise of blood-pressure, the curve simply showing increased frequency of 
heart rhythm coming on almost immediately after injection of the drug. 

Oncometer tracings show that the kidney increases in volume pari 
passu with the rise in blood-pressure, but that when the latter is falling 
towards the fatal event the kidney does not contract to its original 
volume. 

(iv) . Birds, with the exceptions to be subsequently noted, are 
susceptible to ipoh, death being as a rule very sudden, a comparatively 
slight paresis becoming complete paralysis, when the animal falls down 
and after a few convulsive (? asphyxial) struggles expires. In fact. the 
suddenness with which the poison acts on pigeons, for instance, probably 
accounts for the stories of the upas tree told by early travellers. 

8 mg. of ipoh were injected into a pigeon weighing 290 grams. After a few minutes 
during which no special discomfort was observed or at most the bird appeared a little weak 
on its legs the respiration became deep, a single act of vomiting by which the crop was 


partly emptied occurred and the bird pitched forward and became convulsed for about 
30 seconds, at the end of which time it was dead. 


It was found that fowls and, to a less extent, pheasants possess a 
high degree of natural immunity to this poison injected subcutane- 
ously, but although usually very large doses would produce but 
little effect in the former, smaller doses would sometimes produce 
paresis and repeated watery evacuations, and it was evident that 
individual fowls varied in their susceptibility to ipoh. No doses larger 
than 100 mg. were tried, but neither after so large a dose nor after 
repeated injections of from 20—-50 mg. were any other or more serious 
symptoms set up than some diarrhoea or a slight degree of transient 
paresis with the exception of one case in which a fowl of 800 g. after an 
injection of 50 mg. was seized with severe diarrhea followed by 
paralysis of the legs and death after an hour and a half. Post-mortem, 
the left heart was almost empty and the left ventricle strongly 
contracted, while the right heart and pulynonary vessels were distended 
with blood. A 
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Blood-pressure tracings taken from fowls show that though these 
birds resist enormously large doses given subcutaneously, the action of 
the drug on the circulatory system when it is injected intravenously 
is essentially the same as in mammals, although weight for weight the — 
fowl will survive a larger amount of the poison given intravenously in 
successive doses. In an experiment in which a first dose of 0°5 mg. of 
antiarin was succeeded by others of 0°25 mg. each, a considerable but 

brief rise of pressure was after a few oscillations succeeded by a pressure 
steadily maintained above normal. The next injection produced a 
smaller rise followed by marked inhibition and temporary arrest of 
respiration. This was however recovered from although a minor degree 
of inhibition evidenced by a slow and irregular rhythm was maintained 
for some time. Here was exemplified one of the differences of the 
action of the poison on fowls and mammals, the latter as far as my 
observations go never recovering from inhibition as marked in degree as 
that produced by the last dose. .The action, too, of successive doses is — 
more irregular in fowls, as is shown by the next dose, which produced a 
rise followed only after a long interval by a’slight and gradual fall, 
which a further dose converted into a steadily maintained rise in which 
shortly after injection there was little evidence of inhibition. The next — 
dose proved fatal, a short rise being succeeded by sudden fatal fall. 
Black, watery evacuations with marked peristaltic efforts occurred 
Immediately after each of the last three injections. Sometimes long | 
rhythmic variations of blood-pressure, suggesting Traube-Hering curves, 
occurred (Fig. 3). These were never noted after one injection only, 
whether lethal or sub-lethal, and do not point to a fatal event. 


_ In another experiment a single large dose injected into the femoral 
vein of a cockerel caused death exactly as would have been the case in - 
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a mammal, that is to say, a quick rise of pressure with rapidly 
developing irregularity of the heart occurred, followed by sudden 
complete inhibition ending in death, 

An attempt was made to determine the proximate cause of the 
difference in the effects produced by the subcutaneous injection of ipoh 
into mammals and fowls. In the latter the same immunity was noted 
whether the injection was made into the very loose subcutaneous 
areolar tissue or deep into the pectoral muscles. This, together with 
the frequent occurrence of diarrhoea soon after injection—even when 
paresis was absent—seems to point to the immunity of fowls not being 
due to slow. or incomplete absorption. It was then thought that it 
might be possible to obtain wm vitro evidence of a difference in the 
action of the poison on the blood or heart muscle of immune and 
susceptible animals. A number of experiments in which minimum 
lethal doses of ipoh were treated with the blood or heart extract of 
fowls and susceptible animals and then injected into guinea-pigs 
uniformly failed to show that these tissues or their extracts had in any 
way altered or weakened the action of the poison. The hearts of frogs 
and guinea-pigs which had been killed by ipoh were then examined, 
and in these it was not difficult to demonstrate the presence of poison 
by the physiological test when the animal used for the latter was 
sensitive enough. Practically the only animals which fulfilled this 
condition were very small frogs, not more than 5—6 cm. long. These, 
after their brain had been destroyed, were left in a moist chamber for 
an hour, by which time they had become extremely efficient reflex 
machines, The hearts of the poisoned guinea-pigs and frogs were 
extracted in a vessel with saline normal for the species. The heart of 
the last frog was exposed, or sometimes only the skin over the region of 
the heart removed if it was — to count the heart-beats without 
removing the sternum. 

The following experiment illustrates the method employed. 

A guinea-pig weighing 512 grms. was given 1°4mg. of ipoh subcutaneously at 5.30. 
Paresis soon came on and the animal died at 6.15 after a few convulsions. Its head was 
cut off and as much blood as possible allowed to drain away, the heart removed, opened 
and quickly washed in normal saline, then minced and ground in a cooled mortar with a 
further small quantity of normal saline and placed in an ice chest. At 9.30 a few drops of 
turbid pink solution which resulted were injected at room temperature under the skin of a 
small frog prepared as described whose heart was beating 45 per minute. At 10.15 the 
heart beat 30, at 10.45 the ventricular beats were few and intermittent, auricular beats 
were also irregular, but about twice as frequent as those of the ventricle. A small frog 


similarly prepared into which a few drops of normal en 
control and showed no such alteration in rhythm. 
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Similarly conducted experiments with the freshly prepared heart extract of healthy 
unpoisoned guinea-pigs killed by decapitation showed that such a result was not given by 
the extract of the normal tissue. When a few drops of the heart extract of two large frogs 
killed by ipoh was employed, typical results were obtained in each of two small frogs 
injected. 

These experiments seem to show that in frogs and susceptible 
mammals into which the poison is injected subcutaneously the latter acts 
on the heart by entering into combination with its muscle substance 
and preventing the execution of its normal rhythmic function. Probably — 
this effect is always absent in fowls and has not time to occur to a full 
extent in susceptible mammals when these are submitted. to the effects 
of large suddenly acting doses as the result of intravenous injection, 
stimulation of inhibitory mechanisms here causing death. As has been | 
already seen under these circumstances fowls and mammals are similarly 
affected so that the immunity of the former to subcutaneous injections 
is probably an expression of a power of resistance of their heart muscle. 
_ Their respiratory and spinal centres too are probably less readily affected 
than those of mammals or pigeons. That their immunity is not due to 
slowness of absorption seems proved by the constancy of diarrhoea 
after subcutaneous injections. 


SUMMARY. 


The action of Kenyah ipoh was found when frogs were used for the 
experiments to be as follows: 

(1) It acts on the ventricle of the heart as a jhison of the digitalin 
group; this has been noted by all observers wane with the _— of 
Antiaris tomicaria. 

(2) It causes paralysis of the central nervous system, and 

(3) Passing clonic spasms of the voluntary muscles. 

When mammals or birds were subjected to its action, in addition to 
the above effects marked gastro-intestinal symptoms were constant. The 
comparative immunity of certain birds is described and its netate 
discussed. 

The crystalline glucoside antiarin prepared from this ipoh gave on 
analysis a lower percentage of hydrogen than the preparations analysed 
by Ludwig and Kiliani, agreeing in this respect rather with the older 
analyses of Mulder. In the physiological action also it differed from 
Kiliani’s antiarin investigated by Hedbom. The ipoh from which I 
prepared the crystalline glucoside gave among its effects on frogs, and 
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still more markedly on mammals, clonic convulsions. But this effect 
was not obtained with the pure glucoside. Kiliani’s antiarin however 
retained this action, and in addition acted on the voluntary muscles, 
diminishing or abolishing their excitability, so that the paralytic action 
of this preparation would seem to have been in part peripheral in 
origin. 

In this respect also my antiarin gave negative results, and seems > 
therefore to have been a different body, though in its purely cardiac 
toxicity it was at least as active as Kiliani’s. — 


In conclusion I wish to express my very great indebtedness to 
Dr J. B. Leathes for much help and advice throughout this work. 
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THE INTERCONNECTION OF SPINAL SEGMENTS. 
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I. PREVIOUS OBSERVATIONS. 


IN experiments upon paths of nervous conduction in the mammalian 
spinal cord, departures, both numerous and wide, from the “ Fourth 
Law” of Pfliiger have been recorded by one of us’. Pfliiger’s “Fourth 
Law” runs: “ Reflex irradiation in the spinal cord spreads upwards or 
anteriorly, towards the medulla oblongata.” Contrary to this 
statement, there certainly exist many spinal paths by which the activity 
aroused in spinal segments situate nearer the head is communicated to 
segments lying further backward. The present paper results from 
search for more detailed evidence regarding aborally-running reflex 
spinal paths. 

The above quoted “law” of Pfliiger is usually accepted and en- 
dorsed without comment, but physiological literature records here and 
there examples of spinal reflexes irradiating aborally, Thus: the 


1 Croonian Lecture, 1897; Phil. Trans. R. S., London. B, 158, cxe. p. 171. | 
2 “ Reflex-Irradiation in dem Riickenmarke nach oben, resp. vorn, gerichtet ist; also 
gegen die Medulla Oblongata.” Die sensorischen Functionen des Riickenmarks d. Wirbel- 


thiere, nebst einer neuen Lehre tiber die Leitungsgesetze der Reflexionen, p. 78. Berlin, 
18538. 
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“trab reflex” (Luchsinger’) in goat and cat; the “scratching” reflex 
(Haycraft?, Goltz*) in dog and rat; the “shake” reflex, mentioned by 
Goltz and Ewald‘, in the dog; reflexes radiating from the pinna (skin 
supplied by 2nd cervical nerve) to neck, to forelimb, to hindlimb, and to 
tail (Sherrington‘) in cat, dog, and monkey, and numerous similar 
instances furnished by the last named. 

Regarding the demonstration of intraspinal nerve-fibres disposed 
suitably for such conduction, i.e, to be intermediary between receptive 
“centres” headward and motor root-cells several segments further back, 
the definite information is very scanty. By the Golgi method, axis- 
cylinder processes from cells in the spinal grey matter have been traced 
to enter all the white columns (cellules des cordons, Ramén‘, van 
Gehuchten; Strangzellen, Kélliker), especially the ventro-lateral. To 
discover in which direction these then run, 7.e. whether headward or 
backward, is difficult. v. Lenhossek’ writes that he could not from 
his preparations decide which way they went. Ramédn® and van 
Gehuchten® say that for the most part the neuraxons bifurcate at 
once into an ascending and a descending nerve-fibre, but that some 
without division turn upward, others similarly downward, and that 
in some instances the neuraxon divides into three fibres which all 
turn upward or all turn downward. It is impossible to see to what 
distance the fibres run along the length of the cord, 1.e. what segmental 
interval they bridge. 

Pathological material indicates existence of some slender aborally- 
running tracts in the dorsal column. These have received various 
names in various regions of the cord ; the “comma-bundle” (Bastian”, 
Pick", Schultze™) in the brachial region ; the cornu-commissural (P. 
Marie”, including the “ triangle of Gombault and Philippe™”) in the 
lumbo-sacral region; the septo-marginal tract of Bruce and Muir™ 
(including probably Flechsig’s “oval centre” and the “dorsomedian 


) Pfliiger’s Archiv, xxvm. p. 65. 1882. 2 Brain, xu. p. 516. 1890. 

Pfliiger’s Archiv, p. 570, 1892. 4 Ibid. uxm. 1896. 

5 Phil. Trans., cxc. p. 170. 1898. 

Nuevas observaciones sobre la estructura d. l. médula espinal d. 1, Barce- 
lona, 1890, p. 6. 

7 Der feinere Bau d. Nervensystems. Berlin, 1893. 

8 Nuevo concepto d, 1. Histologia d. l. Centros nerviosos, Barcelona, 1898. 

® Syst@me nerveux. Louvain, 1897, p. 828, etc. 

” Med.-Chir. Trans. London, 1867, p. 429. U Archiv f. Psychiat. 1880, p. 179. 

12 Thid. 1883, p. 859. 18 La Semaine Médicale. 1894. 

4 Archives d. Médec. Expérimentale. 1894, p. 877. 

% Brain, x1x. p. 333, 1896; and Bruce, Ibid. xx. p. 261, 1897. 
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_ sacral bundle of Obersteiner’”) in the lumbo-sacral region. Both the 


“comma-bundle” and the “septo-marginal tract” have been shown? to 
exist also in the thoracic region. It has been a question whether these 
tracts may not consist of the descending stems of afferent root-fibres 
(Schiiltze, Schaffer, Ramén y Cajal, Redlich, Flatau, and others) ; 
that they come largely from intraspinal nerve cells (Marie, Margulies, 
Pick, Bruce, Pineles, Wallenburg, and others) is supported by 
(i) degeneration in them subsequent to necrosis of the grey matter 
of the lumbo-sacral region (Ehrlich and Brieger*, Singer and 


-Miinzer‘, Rothmann’); and by (ii) the fact that the tabetic decay 


largely spares them though it affects the afferent root system, while 
conversely syringomyelia *, which destroys the grey matter, often causes 
degeneration of these tracts. Barker’ appropriately groups these 
intrinsic tracts together as the fasciculus dorsalis proprius. 

In the ventro-lateral column the “sulco-marginal bundle” of Marie 
undergoes some descending degeneration and is regarded as intraspinal — 
in origin. Various observers* have noted that descending lateral 
degeneration after spinal translesion exceeds the utmost degeneration 
consequent on cortical lesions however extensive. That this excess is 
in some measure due to the degeneration of additional fibres of spinal 
origin has been really established in an ingenious experiment by 
Miinzer and Wiener’ (1895). After semi-section of the cord of a 
newborn rabbit at the last thoracic segment total transection at the 


2nd lumbar segment was performed when the animal was full grown, 


Behind the later section “as many fibres degenerated on the semi- 


section side as on the intact.” Fibres therefore arising in the 1st lumbar 


segment course backward thence. In a recent paper, Miinzer and 
Wiener”, referring again to the same experiment, furnish a figure 


illustrating the position of the fibres in a cross-section in the lumbar 


region, This important experiment still remains a single one, and — 


1 Nervise Centralorgane. Vienna, 2nd Edit. 1891, p. 264. 

2 Hoche, Neur. Centralbl. 1896, p. 155, and others later. 

3 Zeitschr. f. klin. Med, vu. Suppl. Band. 1884. 

4 Archiv f. exp. Pathologie, xxxv. 1895. 

5 Archiv f. Physiologie, 1899, p. 120. 

6 Schlesinger. Obersteiner’s Arbeiten. Wien, 1895. 

7 The Nervous System, New York, 1899. 

®§ Bouchard. Arch. générales de Méd. V1. sér. vit. p. 272, etc., 1866; N. Lowenthal, 
Dissert. Geneve, 1885; Sherrington, This Journal, 1885; v. Monakow, Archiv fiir | 
Psych. xx. p. 1, 1890; and others. 

® Prag. med. Wochenschr. p. 481. 1895. 

10 Monatschr. f. Psych. u. Neurolog, xu. p. 241. 1902, 
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deals only with the lumbar region -of the cord, but its authors announce ~ 
that they will give its full publication later in a paper dealing systema- 
tically with endogenous spinal fibres. Rothmann' has noted that 
embolism of the lumbar spinal arteries produces descending degenera- 
tion in the Tegion of the pyramidal tract, and argues that the fibres 
involved arise in spinal nerve cells. 


II. METHODS EMPLOYED. 


Our own observations have been on the dog and cat. The spinal 
lesions have in every instance been made under deep CHCl, narcosis. 
The resulting conditions have been examined and tested altogether 
subsequent to the surgical procedure. Where the tracing of intra- 
spinal paths by the microscope has been among our aims we have 
employed the Wallerian degeneration in a special way to meet the 
conditions required. For our purpose the degeneration following a 
simple translesion in the spinal cord is inadequate. The degeneration 
then produced in the cord behind the lesion befalls alike all nerve-fibres 
with perikarya headward of the translesion, whether those perikarya be 
cerebral, cerebellar, bulbar, or spinal. It is then impossible to identify 
which, if any, of the degenerate fibres have origin in cord-segments, the 
special object of enquiry. 

To obviate this difficulty we have had recourse to a method which 
may be termed that of “successive degeneration.” Two or more 
degenerations are evoked successively with allowance of an interval of 
time between them. The interval allowed is sufficient for all evidence 
of the earlier degeneration, as examined by Marchi’s method, to have 
disappeared from the region of the cord in which degeneration due to 
the second lesion is to be traced. An interval of 260 days in the cord 
of the dog suffices according to our experience for this period. Periods 
tried by us and found insufficient have been 90 days, 130, 150, 180 and 
200 days. Two hundred days subsequent to the translesion of the cord 
in the posterior cervical region there are still traces of degenerative 
débris in the anterior thoracic segments. But the amount of débris 
then persisting is quite small, constituting only sparse traces in the 
cross-sections. An observation which especially fortified our confidence 
in a period of 260 days for disembarrassment of the cord from all fatty 
débris is given in the protocol quoted below as Exp. 6 (p. 77). In that 


1 Archiv f. Physiologie, p. 120. 1899. 
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experiment we exsected the twelfth thoracic segment 260 days after 
exsecting the first thoracic. The exsected: twelfth thoracic segment, — 
carefully hardened and stained by Marchi’s process, when examined in 
serial preparations revealed to the microscope no myelin débris in its 
cross-sections. The “scar” of the degeneration was obvious enough, but 
the fatty débris, for which Marchi’s reaction is specific, had disappeared 
in the interval allowed between the two surgical operations. The 
numerous other experiments that we have made have never given any 
reason to suspect that in the dog’s cord for the lesions studied by us 
260 days is insufficient for clearing up the fatty débris of the spinal 
degeneration. 


Our experiments were begun in 1897. Several of the experiments 
individually extended over a twelvemonth. We communicated a brief 
note on our earlier results to the Liverpool Medical Institution in 1900 
(British Med. Jowrn. Feb. 15, vol. 1. p. 446). These results were also 
mentioned in an article on the Spinal Cord, Schiafer’s Textbook of 
Phystology, vol. u. p. 805, 1900, and Allchin’s Manual of Medicine, 
vol. 111, Physiological Introduction, p. 16, also a figure, Pt. u. A short 
summary of our later results was communicated to the Royal Society, 
November, 1902 (Proc. R. S. Nov. 5). Preparations illustrating the de- 


generations were demonstrated at the Meeting of the — Society, 
November 8, 1902. 


III. REsuULTs. 


Before proceeding to protocols of experiments it is necessary to 
state what we employ certain terms to mean. The spinal cord may, in 
its relation to the sensifacient surface and the skeletal musculature, be 
considered divisible into right and left lateral halves, each subdivisible | 
into regions of neck (cervical) including pinna; forelimb (brachial) ; 
trunk (thoracic); hindlimb (crural), and tail (caudal). “A reflex action — 
in which the stimulus applied to a reflexigenous area in one of the 
above regions evokes a reaction in the musculature of another of 
the regions is conveniently called a long spinal reflex. A reflex re- 
action in which the muscular reply occurs in the same region as the 
locus of the stimulus is conveniently termed a ‘short spinal’ reflex'.” 
We have used the terms “long” and “short” reflex in this sense. 


1 Sherrington. Schéfer’s Textbook of Physiology, u. p. 819. 1900. 
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Long Reflexes. 

Of “long” spinal reflexes, those specially useful to this research 
have been four. Brief general remarks concerning these save repetition 
in the subjoined extracts from protocols. 

(i) Stimulation of the mid-dorsal skin of the “spinal” dog near the 
shoulder sometimes elicits simultaneous movement in all the limbs: 
the pair of hindlimbs are moved symmetrically, so also the forelimbs. 
With the cord severed in the mid-brachial region, the movement in the 
forelimbs is retraction at shoulder, extension at elbow, in the hindlimbs 
flexion at hips and knees. From the skin in the mid-ventral line at 
the same zonal level, a similar reflex can more rarely be evoked. The 
hindlimb portion of this reflex obviously employs “long” spinal paths 
passing aborally. 

_ (ii) The “shake” reflex (mentioned by Goltz and Ewald’) evoked 
by rubbing the skin at or near the mid-dorsum, especially between the 
shoulders, or in the loin, or over the sacrum. The movement resembles 
the “shake” given by a dog when it comes out of water, but in our 
spinal animals it was mainly confined to the rump and tail. If started 
from the skin well to one side of the mid-line of the back it can be 
seen that the first movement carries the rump toward that side, the 
spine curving concavely to that side. It appears to be an “alternating*” 
movement of muscles symmetrically disposed to right and left of the 
mid-plane, With dogs in which the spinal transection has been cervical 
the “shake” is sometimes when the stimulus is applied at the junction 
of the esthetic with the “spinal” skin field, evoked contemporaneously 
in the neck and in the trunk and rump: it is then wholly reflex in the 
spinal part of the animal and reflexo-conscient in the intact part of 
the animal. This seems to show that the “ purpose” of the reflex is 
really the same-as is that of the “shaking” (e.g. to get rid of certain 
skin stimuli) in the perfect animal. The shake-reflex sometimes succeeds _ 
micturition and defvecation in the spinal animal. 

(iii) The “scratching” reflex. Stimulus ; rubbing or scratching the 
skin: movement; rapidly alternating flexion and extension at knee 
and ankle, and less at hip. The reflex movement usually begins with 
plantar flexion of the digits so that the foot becomes claw-shaped, and 
with flexion and protraction at hip; some flexion at hip and digits is 
more or less maintained throughout the duration of the reflex. 


1 Pfhliiger’s Archiv, p. 362. 1896. 
* Sherrington. Croonian Lecture, 1897; Phil. Trans. B. 158, p. 166. 
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Goltz’, Haycraft*, and Goltz and Ewald* have called attention to 
this reflex. The field of skin whence it can be initiated in dogs with 
mid-cervical transection includes the hind part of the back of the neck, 
a zone of skin round the front of the chest, the surface over the scapula, 
the side of the chest, the axillary fold over the triceps, the loin and_ 
the flank, meaning by the latter the dorso-lateral abdominal wall nearly 
down to the hip. The frequency of the rhythm of the scratching 
movement little if at all depends on the. rate of the scratchings 
of the stimulus, but the frequency seems greater when the reflex is 
strongly elicited than when feebly. If instead of a rubbing or moving 
(intermittent) stimulus one steady touch or pinch is employed the 
reflex movement elicited is usually a short series (2—6) of “ scratching ” 
flexions and extensions. Thus it is only the outset of the constant 
stimulus that is effective, although the reflex movement excited 
evidently tends to repeat itself when once it has been started. The 
reflex is uncrossed, ie. rubbing the right scapular region throws 
the right hindlimb, not the left, into “scratching” movement. The 
unilaterality is so marked that rubbing the skin just to the right 
of the mid-dorsum having thrown the right leg into “scratching,” 
a shifting of the application of the stimulus by 3 cent. so as to 
lie just the other side of the mid-line stops the right leg and starts 
the left one. Bilateral rubbing of the scapular or other parts of 


- the field does not in our experience succeed in evoking the reflex 


bilaterally, the reflex’ remaining unilateral, but shifting from time to 
time from one side to the other and back again. The reflex of the 
crossed side seems regularly cut short by the stimulus that evokes 
the uncrossed reflex. This indicates that part of the reflex is some 
maintained posturing of the crossed hindlimb, which inhibits a scratch- 
ing movement there or prevents access to it of the impulses eliciting 
the scratching movements. This would be an instance of the same 
kind as the throwing out of action of one group of muscles coincidently 


_ with the establishment of activity in another correlated group such as 


has been studied. in the reciprocal innervation of antagonistic muscles. 
‘In spinal dogs this reflex is enormously exaggerated, vigorous and 
facile. In one dog we found it elicitable by application close behind 
either shoulder of a hair-xwsthesiometer (v. Frey) of the value of 
‘02 grms, It is common where such dogs are kept to hear a rhythmic 
hammering noise in the stalls: a chance stimulus (straw, some shifting 


1 Verrichtungen des Grosshirns. Strassburg, 1881, p. 98. 
2 Brain, xu. p. 516. 1890. 3 Pfliiger’s Archiv, Lx11. p. 362. 1896. 
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of the animal as it feeds, etc.) initiates the reflex and the rhythmically 
acting limb, which generally falls short of the trunk in its range of 
excursion, beats the floor or a side of the stall. The place to which the 
paw of the scratching limb is brought near by the reflex movement 
distinctly varies with the “locus” of application of the stimulus; the 
paw is carried further forward when the stimulus is further forward ; 
the paw is carried further dorsally when the stimulus is applied more 
dorsally. This influence of the “locus” of the stimulus, which has long 
been studied in the “spinal ” frog, is thus demonstrable in the “ spinal ” 
mammal. 

The reflex once initiated will generally continue of itself long after 
cessation of the cutaneous stimulus that called it forth. It continues 
with about the same frequency of rhythm as that obtaining during the 
skin stimulation. We have timed it to continue three and a half minutes 
after the skin stimulus ceased. If continuance occurs when the limb is so 
placed that in the execution of the movement it touches neither another 
part of the body nor any other object (eg. when the hip is kept, as it 
often is, very little moved by the scratching, but only steadily flexed and 
protracted) the skin of the trunk adjacent to the hip is really little 
moved or otherwise influenced by the movement. Yet the reflex 
continues to be “self-supporting.” This is suggestive in connection 
with the following fact. The reflex is rapidly stilled by gently confining 
the movement of the limb; the excursions at once begin to dwindle 
and rapidly the movement ceases. It may therefore well be that this 
“alternating” movement is kept up reflexly by mechanical stimulation 
of the afferent nerves of muscles and joints involved in the movement. 
Inasmuch as the reflex is a rapidly alternating one of antagonistic 
muscles' the play of reciprocal innervation would go far to account for 
the phenomenon. The same afferent impulses that excited the extensor 
muscle would depress the flexor action; the subsequent stretch of 
the flexor by the active extensor would lead to temporary inhibition 
of the extensor’s activity, accompanied by incitement to action of the 
flexor itself. The automatic continuance of the “scratch” reflex seems 
in fact just the phenomenon that observations by one of us on the 
reciprocal correlation of antagonistic muscles would suggest. 

This reflex does not usually emerge from the “shock” following 
cervical transection for several days. We have, however, sometimes met 


1 The antagonists involved are among those very ones for which (Sherrington, 


Proc. Roy. Soc. 1898, Verworn, Du Bois Archiv, 1900) reciprocal innervation has been 
demonstrated. 
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with it within 24 hours after the transection, especially in quite young 
puppies, and once in an oldish dog habitually scratching itself prior to 
operation because suffering from eczema of the skin. 

On certain occasions we have noted that rubbing ekin in the 
neck innervated from spinal nerves indubitably headward of the spinal 
transection produced scratching movements in the hindlimb. In all 


such observations we have been able to detect that- the rubbing in 


front of the “spinal ” field of skin obviously caused considerable to and 
fro displacement of the soft parts and skin in the “spinal” field. Hence - 
in our opinion the scratch reflex. We mention this as it probably 
elucidates some of the phenomena of extreme zigzag conduction along 
the spinal cord of the dog as argued by Osawa from his triple 


contralateral lesions’. 


(iv) “Hand-foot” reflex. With spinal transection far poe 


_ enough to include the fore-paw in the spinal region, stimulation of the 


fore-paw elicits movement in the hindlimb. The movement in the 
hindlimb usually is flexion at hip, knee, and ankle, the limb being 
raised and brought forward as though to take a step*. There is usually 
with this a movement of the crossed hindlimb as well, but feebler and 
opposite in character, namely retraction and extension. The stimulus 
to the fore-paw excites movement in the forelimb itself; this move- 
ment with the translesion at the 6th or 7th cervical segment is 
retraction at shoulder, extension at elbow, and sometimes plantar 
flexion at wrist. The reflex rarely irradiates to the crossed forelimb. 
The above remarks apply to the reflex in the dog. In the cat we have 
studied it less, but found it possess the same general features. In 
regard to whether the path of conduction from the fore-paw to the 
crossed hind-paw is blocked or not blocked by spinal semi-section at 
the hind end of the thoracic on the same side as the fore-paw stimu- 
lated, in our observations the path is not altogether blocked ; this is 
somewhat contrary to Luchsinger’s observation’ on the cat, but agrees 
with his observation on the goat. 


Short Reflemes. 


In our observations the “short” reflexes of the hindlimbs were of 
interest chiefly as indicating the presence or absence of “shock” in the 

1 Inaug. Dissert. Strassburg, 1882, and comment, Schiifer’s Textbook ‘of Physiology, 
11. 866. 1900. 


* Sherrington. This Journal, xxu. 319. 1897. 
3 Pfliiger’s Archiv, xxvmi. p. 61. 1882. 
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“crural” centres of the cord. They are therefore frequently mentioned 
in the observations, and it saves tedious repetition to indicate each by 
a name and simply record its presence, its absence or its condition. 
The following are the “short” reflexes thus dealt with: (1) The 
“ flexion” reflex, noted by Freusberg? and others, a flexion at ankle, 
knee, and hip in response to stimulation of the hind foot of the same 
leg. (2) “Crossed extension” reflex, noted by Freusberg?, extension 
at knee and hip in response to stimulation of the opposite hind foot ; 
when it occurs it is almost always or always in accompaniment to (1). 
(3) “Direct extension” reflex, noted by one of us*, obtained by 
gentle pressure between the pads of the hind-paw. The limb itself 
being at the time passively flexed at hip and knee the stimulus 
excites a rapid, powerful, short-lasting extension at both these joints. 
(4) “Marking time” reflex, noted by Freusberg‘, when the dog is 
held up by the shoulders so that the hindlimbs hang down, those limbs 
begin to make “ walking” movements, flexion in one leg accompanying 
extension in the other. (5) “Tail-wagging ” reflex’, excited by pinching 
side of tail or holding tip of tail, or in succession to defecation or 
micturition. (6) “ Depression of tail*” reflex, induced by touching skin 
of under surface of tail or of perineum, especially in neighbourhood of 
anus or vulva. (7) “ Lifting of tail” reflex’, induced by stimulation 
of mucosa inside anus, by defecation and micturition (in the female). 
(8) Spinal defecation; for an account of this in the dog see Schafer's 
Textbook, vol. 11. p. 850, to which we would only add the following: 
vertebral muscles which flex the lumbo-sacral region of the spine 
ventrally are in strong continuous action; the tail is however raised 
and flexed dorsally ; towards the completion of the act of evacuation 
a sudden forcible bilateral and short-lasting contraction of the great 
part of the ventral abdominal muscles ensues, which often finishes the 
evacuation : the evacuation is followed by spinal extension of both the 
hindlimbs (previously held in the bent everted posture described by 
Freusberg) and waving of the tail: micturition, if imminent when 
defecation sets in, is postponed. (9) Spinal micturition ; see Goltz and 


1 Pfliiger’s Archiv, 1x. 1874. Ibid. 

* Sherrington. Proc, Roy. Soc. "1899. 4 Pfliiger’s Archiv, ibid. — 

5 Freusberg. Ibid.; seealsoL.Merzbacher. Pfliiger’s Archiv, xcu. 1902. 

*'V.Ducceschi. Riv. di Patol. nerv. e ment. mt. p. 241, 1898; L. Merzbacher, 
Pfliiger’s Archiv, xc. p. 585. 

7 Ott. This Journal, u. p. 54, 1879; Bickel. Rev. Med. d. l. Suisse romande. - 
1897; V. Ducceschi. Riv. di Patol. nerv. ¢ ment., ibid.; Sherrington. Schdfer's 
Textbook of Physiol. u. p. 850; L.Merzbacher. Pfiiger’s Archiv, v. ibid. 
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Freusberg'. We would add that in our animals this act has usually 
been evoked by hand-pressure on the abdomen, and that it is easier to 
evoke the act thus and to expel the urine thus in dogs with lumbar 
transection than in dogs with cervical or high thoracic transection. 
The ease with which the bladder can be emptied by hand-pressure on 
the abdomen serves as some — to degree of shock after spinal 
transection. 


Summaries and Extracts from Protocols of some Eaperiments. 


The figures illustrating the protocols are all of them camera lucida 
drawings to one and the same scale: They were drawn on squared paper 


‘and the squares made to correspond with squares in an engraved microscope- 


ocular; this allows contiguous fields under a higher magnification to be 
accurately conjoined in the same map. In dealing with the lesions the 
drawing has been made from the section where the lesion had greatest 
transverse extent, and then there has. been added the extreme limits of the 
lesion from the particular sections in which in various directions those limits 
happened to lie. To give the limits of the lesion at any one level is of course 


Table of experiments cited. 


L. R. L. R. LR. 
Exp.1 + T, Exp. 7 + T, Exp. 13 + C, 
KL Ty 4 T; 
» 2 + » 8 » 14 
L, Ty Ty 
» 10 +G » 15 + O, 
4 Ty + Ty, + Ty 
Ts 4 T, + ©, 
» 6 +7, 
Tye 
Total translesion = + C = cervical 
Partial ,, (left)=4 T = thoracic 
” ” (right) =f L=lumbar 


The small numerals indicate the regional number of the segments. 
Phliiger’s Archiv, p. 478. 1874; ibid. rm. p. 360. 1875, 
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to underestimate in nearly every case the real transverse extent of the lesion. 
The dots in the figures signify degenerate nerve-fibres, but the number of dots 
does not of course represent the absolute number of degenerate fibres, but 


falls far short of that. Extreme care has been taken to make the number of __ 


the dots bear accurately the same general proportion in one drawing as in 
another to the density of the degeneration. In the reproduction of the 
drawings for this paper the reduction has been to one quarter the original 
size. In examining by them the distribution of the degeneration a hand-lens 
is of use. 

Exp. 1. Terrier 

Ist lesion. LExsection of 1st thoracic segment for the posterior half of its. 
length. 

250 days later: knee jerks very brisk and usually clonic ; “‘ short” reflewes 
of hindlimbs all very vigorous and facile: “flexion” reflex, “direct extension” 
reflex, “crossed extension ” reflex, ‘‘ marking time” reflex. Also “ wagging” 
tail and depression of tail and anal and vulval reflexes. Urine evacuated 
daily by hand-pressure on abdomen: defsecation usually accompanies micturi- 
tion. Membrane nictitantes protruded, pupils small. Temperature not 
maintained in rooms at ordinary temperature but more controlled than 
formerly (room is always warmed to 82° F.—88° F.). “Long” reflexes : 
“scratch” and “shake” brisk. 

2nd lesion, Right semi-section in 4th lumbar segment. Exact limits 
determined post mortem in microscopic serial preparations—result mapped in 
Fig..1. Immediately on recovery from CHCl, narcosis right knee jerk not 
elicitable, left with great uncertainty and feebly. Right leg hung less flexed 
at hip and knee than left. No reflexes either long or short in either hind- 
limb, 

Two days later: knee jerk absent on right side, but brisk left side, though 
not so brisk as prior to 2nd lesion. Right limb now the more flexed at hip 
and knee. Stimuli (squeezing, pinching, rubbing, faradising) to right foot elicit 
no muscular response in the right limb but evoke slight dorso-flexion at 
crossed ankle. A tap on the right knee extensor tendon evokes crossed 
adductor action, and often crossed dorso-flexion of ankle, but no response on 
right side, Stimuli to the left foot elicit dorso-flexion of left ankle and slight 
flexion of left knee, but no crossed movements. 

Twenty-one days after second operation condition was much the same as 
on the second day except that by stimuli to left foot more vigorous flexion 
and reflex of left leg was obtained. By stimuli to the right hind foot and knee 
good reflexes were elicitable from the left limb ; but the motor response was 
confined to the crossed side. By stimuli to the left hind foot motor responses 
were obtained in the left leg, but no crossed ones in the right leg. On holding 
the dog up by shoulders the left leg marked time feebly, but the right did 
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not. The scratch reflex was elicitable from the left shoulder-skin in the left 


leg, but from the right shoulder no scratch reflex was elicited in the right leg. 


_ Bladder less easily emptied than before 2ud lesion. 


Degenerations. Figs. 1, 2,3. Behind the 2nd lesion, Fig. 1, a copious 
degeneration was found in the lateral and ventral columns ; this involved fibres 


Exel.  IV.L. 


L Exel. L Exe. fics R 


especially numerous in the lip of the ventral fissure, in the dorso-lateral part 
of the lateral column, and near the exit of the ventral root-fibres. Close 
to the lesion it involved many fibres near the grey matter, as well as 
a considerable number along the free periphery of the white columns. The 
degenerate fibres diminished in number rapidly through the lowest lumbar 
and upper sacral segments, but even in the caudal region the degenerate fibres 
were numerous. In the segments behind the lst sacral the region of the white 
matter abutting on the grey was comparatively free from degenerate fibres. 
At no level did the ventral column degeneration become separated from that 
of the lateral column by a distinct intervening width-of white matter free from 
degeneration ; but in the lower sacral and coccygeal segments the degeneration 
was more sparse in the ventro-lateral angle of the column than elsewhere in 
the cross area. 
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In the dorsal column of the right side a narrow field of degeneration near 
the median septum was traceable, gradually diminishing in amount, as far 
back as the 2nd caudal segment, i.e. through seven segments. 


Exp. 2. Terrier 9. 

Ist lesion. Total exsection of the posterior part of the 1st lumbar and of 
the anterior part of the 2nd lumbar segment. 

Condition 270 days later: knee jerks very brisk, often clonic; short 
reflexes very active, ¢.g. “marking time” reflex, “flexion” reflex, “extension” 
reflex, “ tail-wagging” reflex. Bladder easily emptied by hand-pressure on 
abdomen. Micturition and defecation accompanied by the usual reflexes in 
tail and hindlimbs. 2nd operation then proceeded with ; a partial transverse 
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lesion in the posterior part of the right lateral half of the 3rd lumbar segment. 
The exact extent of the lesion as ultimately determined in serial sections is 
shown in Fig. 4. The day following the 2nd lesion the knee jerk was good 
and about equal on either side, the “flexion” reflex and the “‘ extension ” reflex 
were obtainable and about equally strong in either leg; the ‘‘ marking time” 
reflex was as vigorous as before in the left leg but much less extensive in the 
right. ‘“ Tail-wagging” reflex as before. 8 days later, the ‘‘ marking time” 
reflex is still imperfect on the right side ; crossed extension is equally well 
obtained from either side; other reflexes as before. 12 days after the 
2nd lesion “ flexion” reflex was obtainable on application to either foot of 
a V. y hair equal to 20 milligrams; the application was to the skin 
between the toes. Animal sacrificed 30 days after the 2nd lesion, 1.¢, 300 days 
after the 1st lesion. 
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_ The degeneration examined by the Marchi method was traceable behind 
the 2nd lesion throughout the length of the cord in the lateral column. Its 
distribution in the cross area of the cord is shown in Fig. 5, one full segment 
below the 2nd lesion. As traced backward it rapidly diminished in the 
lumbo-sacral enlargement, and came to occupy more and more a peripheral 
position. Far back in the caudal region it is seen, Fig. 6, only in the 
dorso-lateral part of the edge of the lateral column, a position free from 
degenerate fibres in the mid-lumbar region. A small well-marked band of 
degeneration extends along the right dorsal column, Fig. 5, and as traced 
back comes to lie in the dorso-median angle of the dorsal column. No 
degeneration was found anywhere in the side of the cord opposite to the 


lesion. 


Exp. 3. Dog, terrier, 9. 

Ist lesion: total exsection of the posterior half of the 13th thoracic 
segment. 

268 days later the condition was: knee jerks brisk, and often clonic ; 
“short” reflexes all extremely vigorous and elicitable, covered by description 
given in Exp. 2. The 2nd lesion established, namely, partial transection on 
the right side in the posterior part of the 2nd lumbar segment. The limits 
of the lesion as subsequently determined by microscopic examination of 
serial sections of the cord are given in Fig. 7. After the semi-section the 
“direct extension” reflex was obtained from the leg of the same side as the 
semi-section. The afternoon of the day of the 2nd lesion the reflexes were as 
before the 2nd lesion, except that (i) the right knee jerk was slightly less 
brisk than the left, (ii) the “flexion” reflex was impaired on the right side, 
(iii) the “marking time” reflex was much feebler with the right than with 
the left leg. One week later the knee jerks were equal and brisk, the 
“extension” reflex was about equally good right as left, the “ marking time” 
reflex was less vigorous right than left, and did not continue so long. The 

“crossed extension” reflex of left knee was obtained from right foot better 
than that of right knee from left foot, and the “flexion” reflex of right leg 
was less than that of left leg. The animal remained in this condition and 
was sacrificed on the 22nd day after the 2nd lesion; and at that time me 
“marking time” reflex was still less vigorous right than left. 

Degeneration. In the whole length of the cord behind the 2nd lesion 
degenerate fibres existed in both ventral columns, and in the right lateral 
and dorsal columns. The degeneration diminished much in amount in passing 
through the lumbo-sacral enlargement of the cord, and came to occupy a more 
and more peripheral position in the ventro-lateral columns, Fig. 8. The posterior 
sacral and caudal region revealed the degenerate fibres grouped mainly along 
the ventral part of the lips of the ventral fissure, and in the dorso-lateral 
part of the lateral column of the right side except in the region abutting on 
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the dorsal. root and apex of the dorsal grey horn. The degeneration in the 
dorsal column agreed closely with that described and figured in Exp. 2. The 


topography of the degeneration in the caudal region is shown in Fig. 9. 


exe Fic.7 IL. Exp 3.FiG.8. 1.S. 


Exe 3. Fic.9 


Exp. 4. Dog 

Ist lesion : total transection midway between 8th cervical one Ist thoracic 
nerve-roots, 

2nd lesion, 100 days after the former lesion, a partial semi-section on the 
left side in the 12th thoracic segment: the exact transverse extent of this 
lesion is shown in Fig. 10 as determined by subsequent microscopic exami- 
nation of serial sections. The condition just prior to the 2nd operation : 
“short” reflexes of the hindlimbs all vigorous and easily obtained. “Long” 
reflexes; “scratch” obtainable equally well either side, ‘‘shake” reflex 
obtainable but not so readily. Evacuation of bladder by pressure on abdomen 
gives the usual reflexes, 2nd operation performed in the afternoon under 
anesthesia. Examination the same afternoon showed the knee jerks equal 
and brisk, perhaps even more brisk than before, the “flexion” reflex good 
each side, Next morning early: extension reflex from pad well obtained 
from right leg, poorly obtained from left. ‘“ Marking time” reflex less strong 
in left leg than right. ‘ Flexion” reflex and “ crossed extension” reflex good 
both right and left. “Scratch” reflex elicited in right and left (?) legs from 
right shoulder, but in neither leg from left shoulder. 

Twelve days later: same condition as above; further details observed 
have been: pinching skin in mid-ventral line near umbilicus elicited bilateral 
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- flexion of hips and knees; the “extension” reflex from right leg is sometimes 


accompanied by flexion of left leg at hip and knee ; the scratch reflex is easily — 
obtained by rubbing anywhere in a large area of skin over and behind the 
right shoulder, and the scratching movement appears to implicate sometimes 
the musculature of the left as well as the right leg; but from the similar skin 
area of the left side nowhere has scratching ever been elicited since the 
2nd operation. The shake reflex is obtainable by rubbing skin between the 
shoulders. The blood-pressure in the femoral which had been frequently 
estimated by Hill’s sphygmomanometer at about 120 mm. Hg was not obviously 
affected in any way by the 2nd lesion. 

Animal sacrificed 30 days after 2nd operation, i.c. 130 days after the 
lst operation, Blood-pressure in carotid measured and recorded by kymo- 
graph and varied between 118 mm. Hg and 146 mm. Hg under ansesthesia. 
After curare it rose to a mean value of 168mm. Hg. The two vagi were 
cut. Good reflex heightenings of the carotid blood-pressure were elicited by 
stimulating branches of the internal saphenous and other nerves. A total 
transection through the 3rd thoracic segment caused a temporary rise of 
carotid pressure followed by a fall of only 6mm. Hg below where it had 
previously stood, and that fall was in 6 minutes recovered from, so that the 
pressure was as before the fresh transection. The reflex rises of carotid 
pressure were also obtainable as well after as before the transection at 
3rd_ thoracic. 

Degeneration. Behind the 2nd lesion the degeneration found was far 
heavier in the left half of the cord than in the right. It was found that the 
degeneration caused by the total transection in the cervical region was still 
very evident throughout the cord. But the excess of degenerate fibres in the 
left half of the cord as compared with the right throughout the region posterior 


Exe 4. Fic.10. XILT. Exe 4. Fic.U. Ll. 


to the 2nd lesion demonstrates the existence of numbers of fibres arising in 
the anterior 12 thoracic segments which pass backward thence throughout the 
lumbo-sacral and caudal regions. These fibres rapidly diminish in number 
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as they pass through the lumbo-sacral region. In the left dorsal column a 
small curved area shows degenerate fibres in the 13th thoracic segment 

_ (Fig. 11) and traces of the same tract can be followed to the 3rd lumbar 
segment. The dorsal columns were not actually trespassed upon by the 
2nd lesion anywhere: the left dorsal column descending degeneration must 
therefore have sprung from cells in the grey matter of the left _ of the 
12th thoracic segment. 


Exe 4 Fic.t2. IV.L. 


Exp. 5. Des ithe old, 9. 

Ist lesion: total exsection of a slice at the ccna sak of ie 
8th cervical segment. 

2nd lesion : right semi-section close behind the 13th right thoracic nerve-root : 
the transverse extent of the lesion as determined by subsequent microscopic 
examination in serial sections is mapped in Fig. 13; it was found to be very 
nearly an absolutely accurate semi-section. The condition of the animal as 
regards reflexes, etc, just prior to the 2nd operation was so similar to that 


Exp.5. Fic.13. | Exp 5. Fic.14. LalL.t. 


already mentioned in Exp. 4 that no particular record of it seems necessary 
except that the “‘ tail-wagging ” reflex was extraordinarily active in this animal. 
Also noteworthy was that the scratch reflex elicitable from the skin of shoulder 
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and actuating the muscles of homonymous hindlimb was obtainable as early as 
24 hours after the cervical translesion. The “scratch” reflex was elicitable 
from a large region of skin extending from over the shoulder right down to 
the flank ; the “shake” reflex was similarly elicitable, but only from skin near 
the mid-dorsal line. Immediately, i.e. 10 minutes after the 2nd lesion, the 
knee jerks right and left were as brisk as before, and the right perhaps even 
more brisk. Three hours later the “short” leg reflexes were as before the 


_ 2nd operation, except that the ‘‘ extension” reflex was not good on the right 


side, The “scratch” reflex could not be elicited from the right shoulder or 
from the right side of the chest or upper loin, but was easily elicited from the 
right lower loin and flank. The scratch reflex was elicitable as before from 


‘the left shoulder, left chest, left loin and flank. The shake reflex also was 


not obtainable from the right dorsal region, though from the left as before. 
These conditions remained unaltered to end of experiment. 28 days after 
the 2nd operation the animal was chloroformed, the carotid blood-pressure 


measured and found to be 120—136 mm. Hg under curare. Good reflex 


elevations of blood-pressure were obtained by stimulation of various afferent 
nerves from hindlimbs, etc. Total transection of the cord at the 4th thoracic 
level caused a rise of blood-pressure followed by a very slight (10 mm. Hg) 
fall of transient duration (140”). Good reflex elevations of carotid pressure 
were evoked by excitation of afferent nerves from the hindlimbs after the 
fresh total transection at the 4th thoracic level. Both vagi had been cut 
prior to the blood-pressure experiment. 


Degeneration. In the right half of the cord behind the 2nd Mision the 
degenerate fibres are found in the ventro-lateral columns the whole length of the 
cord and for a shorter distance in the dorsal column. Many of the degenerate 
fibres are even in the foremost lumbar segments at the periphery of the ventro- 
lateral columns (Fig. 14). The degenerate fibres rapidly decrease in number in 
their course along the lumbo-sacral region. At the posterior part of the lumbar 
and the anterior part of the sacral region they exist as two distinct groups, 
a lateral along the free edge of the lateral column and a ventral along the 
medio-ventral edge of the ventral column (Fig. 15). In the caudal region the 
ventral group lies less in the lip of the ventral fissure, and the ventral and 
lateral groups of degenerate fibres are less separated by an intervening 
undegenerate piece of the periphery. Noteworthy is that, although the 
dorso-median piece of the left dorsal column was divided by the second lesion, 
no descending tract of degeneration is evident in that column. There are 


_ two small descending tracts of degeneration traceable in the right dorsal 


column from close behind the lesion in the 13th thoracic segment back to the 
fifth lumbar segment. 

The left half of the cord is practically quite free from degeneration if 
a few fibres near the ventral white commissure in the neighbourhood of the 
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lesion be excepted. The descending axons of the neurones of the thoracic 
segments as examined behind the thoracic region itself appear none of them 
therefore to decussate. 


Exe 5. Fic.15. VIL. 


Exp. 6. Terrier 9. 

1st lesion, Total exsection of anterior part of Ist thoracic semen 

2nd lesion. Tota] exsection of the greater part of the length of the 
12th thoracic segment on the two hundred and sixtieth day after the 
former lesion, The condition of the animal between the two operations 
went through the ordinary phases mentioned above for the other animals with 
transection at the front of the thoracic region. Noteworthy was that the 
scratch reflex was elicitable from the shoulder within 24 hours of the esta- 


6. LL. Exe6 Fic 18. ILL. 


blishment of the first total transection, and also in this connection that the 
animal was suffering from eczema of the skin and was habitually scratching 
itself. After the 2nd exsection the condition also resembled that described 
for the previously-mentioned animals; the knee jerks were brisk and the 
“direct extension,” as well as the other “‘short” reflexes, were quite good — 
immediately after the lesion; the evacuation of the bladder was at first 
somewhat more difficult ‘eats before, but later became easier. Animal 
sacrificed 288 days after the lst operation. | 
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Degeneration. The large piece of the 12th thoracic segment excised 
260 days after the Ist thoracic exsection was exhaustively examined for 
degeneration. The scar of the degeneration was marked and extensive, but 


_ the Marchi preparations failed to reveal in it any of the black-staining débris 


characteristic of recent degeneration. It was chiefly this experiment and ob- 
servation that made us consider 260 days as sufficient time interval for our 
purpose. Behind the 2nd lesion degenerate fibres in the ventro-lateral columns 
extended throughout the length of the cord. Their number became gradually 
and rapidly less in passing along the lumbo-sacral region. In the posterior 
lumbar and anterior sacral region they exist as two separate groups along the 
periphery of the ventro-lateral column, a ventral group and a lateral group 
(Fig. 19). In the dorsal columns are two pairs of small areas of degeneration 
extending from the 2nd lesion backward into the 5th lumbar segment, but 


R 


Exe 6. Fic.19 VL. 


not traceable with certainty further back than that. The figures illustrate 
the topography of the axons in the anterior lumbar and anterior sacral regions, _ 
and further verbal description seems unnecessary (Figs. 17, 18, 19). oN 


Exe. 7. An oldish dog 9. 
Ist lesion. Total exsection of about half the length of the 2nd thoracic 
segment. 
2nd lesion, Liberal right semi-section just behind 11th right thoracic root, 


_ 270 days after the total transection at 2nd thoracic. The condition of the 


animal prior to the second operation was much like that above mentioned 
for the dogs with total translesion at the front of the thoracic region. The 
“short” reflexes of the’ hindlimbs and the tail; the actions of micturition 
and defecation; the “long” reflexes of “scratch”. and “shake” were all 
present and often very active: the knee jerks were very brisk. Less control 
over temperature was seen in this dog than in others with front thoracic or 
posterior cervical translesion. The animal shivered with the musculature in 


front of the total translesion only, i.e. when shivering either after cold bath — 
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or in cold air, the musculature innervated from behind the total translesion 
was never seen to participate in the shivering; the diaphragm seemed to 
shiver. This animal showed rutting in the spring, and shed its coat then 
as usual, | 

The exact transverse limits of the second lesion are mapped in Fig. 20, as 
determined subsequently by microscopic examination of serial microtomed 
preparations. One hour after the 2nd operation, the right leg drooped at 


* 


Exe 7 Fic.20. X1.T. Exe 7. Fie.2l. LL. Exe.7 Fic.22. ILS. 


hip and knee more than the left, when the animal was supported from the 
shoulders. ‘“ Flexion” reflex with crossed extension was easily obtained from 
either leg: extension reflex was not obtained either side, but not very per- 


“sistently sought. The scratch reflex was easily obtained from the left shoulder 


and left chest, upper and lower, and elsewhere, exciting the muscles of the 
left leg; but from the right side nowhere could the scratch reflex either in 


_. the right or left leg be elicited. The bladder offered much greater opposition 


| 


47 


to evacuation than before the operation. Knee jerks oth sides very brisk. 
Next morning: both knee jerks very brisk, but right seems slightly the 

more so. “Extension” reflex easily.obtainable in either leg. “Marking time” 

reflex slower and less vigorous in right than left leg. Scratch reflex only 


_ obtainable on left side, Bladder evacuated less easily than formerly. 


In the following 28 days during which the animal was observed the 
condition remained as above with slight modification as follows: the evacu- 
ation of the bladder by pressure became easier ; the “extension” reflex became 
more facile, and easy right and left: a slow extension, chiefly at knee, could 
be developed by handling the skin below and outside the anterior superior 
iliac spine; the vigour and facility of the left scratch reflex seemed to be 
increased more than ever, so that once started it often continued for three 
and four minutes at a time, and was often started by some active or passive 
movement of the animal as it lay in its cage; slight traces of a scratch 
reflex on the right side became regularly elicitable, but always were feeble 
and difficult to evoke, the rhythm of the alternating movement of foot and 
hip was much slower than on the opposite side, and the movement much less 
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extensive, This trace of the right “scratch” reflex was obtainable from the 
skin behind the right shoulder, also from the skin of the right loin, «.¢. pro- 
bably: behind the 2nd (semi-section) lesion, It was often noted that the 
execution of the left “scratch” reflex could coexist with the execution of the 
“marking time” reflex on the right side. The scratch reflex, even when 
violent, could almost at once be cut short by gently restraining the limb. 
It could also be cut short usually by pinching the skin below tuber ischii, or, 
less efficiently, the tail. 
Animal sacrificed on the 300th day after establishment of the first Silom: 


Degeneration, In the whole length of the cord behind the 2nd lesion are 
degenerate fibres in the right lateral and both ventral columns. These 
decrease in number rapidly in the lumbar region. In the posterior lumbar 
and sacral regions, those of them remaining exist as ventral groups and lateral 
groups, and this is so also in the front part of the caudal region (Fig. 22), 
where it is also notable that practically all the fibres lie near the periphery of 
the cord. The topography of the degenerate axons at their entrance into the 
lumbar region is mapped in Fig. 21. There is absence, at that level, of 
degenerate fibres in much of the margin of the lip of the ventral fissure. 
Two pairs of degenerate descending tracts are revealed in the dorsal columns, 
the right hand of these traceable backward along the cord as far as the 6th 


Exp. 8. Retriever 9. 


Ist lesion: total transection through middle of 7th cervical segment. 
Considerable shock followed by usual reflex activity. 

2nd lesion: 56 days later; right lateral semi-section, involving, as deter- 
mined subsequently microscopically, all the right half and much of the left 
dorsal and ventral columns at 10th thoracic segment. This lesion blocked 
right “scratch” reflex but not left; also blocked right “hand-foot” reflex — 
but not left, but not in same way as “scratch” was blocked. Prior to the 
right semi-section, the reflex ensuing on stimulation of right fore-paw moved 
right hindlimb earlier and more vigorously than the left hindlimb; after right 
semi-section, the reflex ensuing on stimulation of the right fore-paw moved 
left hindlimb earlier than, and as vigorously as, the right hindlimb, but the 
whole reflex was less certain, less facile, and less vigorous, When the reflex 
was examined by stimulating the left fore-paw, the movement was earlier and 
more vigorous in the left hindlimb but often irradiated to the right hindlimb. 
73 days after Ist lesion, blood-pressure observations were made under CHCI, 
and curare. The carotid blood-pressure found varied from 110—134 mm. Hg. 
Various stimuli to skin and nerves behind the total translesion excited marked 
elevations of carotid pressure, e.g. rubbing skin of abdomen caused rise from 
112 up to 132 mm. Hg; central end of twig of saphenous nerve when 
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faradised caused rise from 98 mm. Hg to 114 mm. Hg. Both vagi had been 
severed, 

Degeneration. The triad allowed (73 days) proved insufficient to allow 
of more than a demonstration of distinct excess of degeneration on the right 


as compared with the left lateral column for a wtnibet of segments behind 
the 2nd lesion. 


Exp. 10. Dog, young, an 

Ist lesion : total transection through 7th cervical segment. Shock severe. 
Gradual appearance of spinal reflexes, In 70 days these are all very brisk. 

2nd lesion: 86 days subsequent to Ist lesion, a right semi-section (proved — 
on microscopic examination in serial sections to involve whole right ventro- 
lateral column and most of grey matter of right side) at 12th thoracic 
segment. “Marking time” imperfect on right side. ‘‘Scratch” reflex 
blocked on right side. ‘ Hand-foot” reflex modified as in Exp. 8. Note- 
worthy that in this experiment as sometimes in others the reflex movement 
evoked in left hindlimb from left fore-paw was flexion at knee and ankle 
and (less) at hip, the crossed reflex however being extension at hip and knee 
and ankle. The movement evoked in fore-limb itself was extension at elbow, 
retraction at shoulder, and some pglmar flexion at wrist. 


Exp. 11. Dog, young, 9? 

Ist lesion: total exsection of a slice of cord out of the front part of the 
2nd thoracic segment. 

2nd lesion: 266 days later, a right side lesion of the lateral column in the 
posterior region of the 9th thoracic segment. The exact transverse extent of 
the lesion is mapped in Fig, 23 as determined by microscopic examination of 
serial microtome preparations treated with Weigert’s stain. The reflex 
condition of the dog before the 2nd lesion resembled that above mentioned 
for other experiments with translesion at that level. Subsequent to the 2nd 
operation the “short” reflexes remained practically the same as before in the 
two hindlimbs. The right “scratch” reflex was however not obtainable, 
although the left was extremely brisk. The “shake” reflex remained as 
before the 2nd lesion. The “ marking time” reflex on suspension from the 
shoulders was less vigorous on the right side than on the left. The animal 
was sacrificed 291 days after the first transection. 

Degeneration. On the right side behind the 2nd lesion jm t fibres 
were traceable in the lateral column throughout the length of the cord. 
The number of degenerate fibres diminished rapidly as traced backward from 
the 2nd lesion, but a fair number are still present in the periphery of the 
lateral column in the posterior part of the sacral region, i.e, behind the limb- 
enlargement of the cord. It is noteworthy that in the median part of the 
right ventral column some degenerate fibres exist (Figs. 24, 25) although that 
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part of the white column was not implicated in the actual transverse extent 
of 2nd lesion. No degeneration at all is to be.seen in the crossed half of the — 
cord. No degeneration exists in either dorsal column (Figs. 24, 25, 26). 


Exell. Fic.24 XLT. 


Exe Il. Fic.25. Exell. Fig.26. 


Exp. 12. Terrier 9. 
~ Ist lesion : total exsection of about half hehaibie half) ot the length of 
the 5th thoracic segment. 
2nd lesion: incision into the left lateral half of the cord opposite the 


middle of the 7th left thoracic root: the exact transverse extent of this 


lesion is mapped in Fig. 27 from determination by microscopic examination of 
serial microtomed preparations (Weigert stain). The 2nd lesion was esta- 
blished 290 days subsequent to the Ist-lesion. The condition of the animal 
as regards reflexes, etc. prior to the second operation presented the following 
features of interest to the present subject: the voice was feeble when the 
animal sat up, though less feeble than in animals with total transection at 
Ist thoracic or 8th cervical levels; the third eyelids showed no paralysis, 
thus differing from dogs with translesion even at 2nd thoracic segment ; 
there was much less “shock” immediately after the transection than with 
the dogs undergoing transection at the lst thoracic segment ; there was some 
“lying back” of the tongue though much less than in the dogs after tran- 
section at 7th or 8th cervical segment ; the control of body temperature was 
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‘better than with the front thoracic transections ; the animal shivered when in 
cool room or after plunging hindquarters in cold water only as far as the 
level of the spinal transection; the diaphragm seemed to shiver. The 
“short” hindlimb reflexes were brisk. The scratch and shake reflexes were 


Exe Fic.27. VILT. Exe I2. Fic.28. IX. Exp Fic.e9 T.L. 


easily elicitable from behind the shoulder and from the posterior part of the 
side of the chest, Evacuation of the bladder by pressure was easy, about as 
easy as in the dogs with transection at the junction of cervical and thoracic 
regions, but not so easy as in the dogs with lumbar transection. The animal 
about 200 days after the first transection was shown to members of the 
Physiological Society at Cambridge, May, 1900, and its reflexes demonstrated. 

After the semi-transection at 7th thoracic segment left side the knee 
_ jerks, especially the left, were poor for about an hour. 5 hours later they 
were both brisk, and the left rather the more so. The reflex condition of the 
hindlimbs was then found to be as it had been before except that the 
‘“‘marking time” reflex as vigorous and facile as ever in the right leg was 
feeble and slow in the left. “Scratch” and “shake” reflexes as before on 
right side, but lost from the back of the shoulder on left side. 

The animal was sacrificed on the 315th day after the 1st lesion had been 
established. 

Degeneration. In the left ventro-lateral column behind the 2nd lesion 
degenerate fibres are found throughout the length of the cord as far as the 
_ front caudal region. The fibres diminish much in number in their course 
through the thoracic region; they also diminish in number in the anterior 
lumbar region, and in the anterior sacral region only few remain. In the 
posterior lumbar region they lie in two groups, a ventral and a lateral, and © 
wholly at the periphery of the cord. The topography in segments further 
headward has characters better shown by the Figs. 28, 29 than by verbal 
description. There is a small tract of degeneration in the dorsal column not 
traceable further backward than the 11th thoracic segment, and much more 
marked in the left column than in the right. The slight degeneration in the 
right ventro-lateral column in view of the negative evidence as to decussation 
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given by the other experiments must be attributed to the damage done to the 
right-hand grey matter, for the right white column itself hardly suffered at 


| all in the second lesion. 


Exp. 13. Dog 9. 
Ist lesion: exsection of the middle part of the length of the 8th cervical 
segment. 


2nd lesion : liberal left semi-section in the front half of the 3rd thoracic 
segment. The extent of this lesion transversely is shown in Fig. 30; the 
whole of the left side was severed and the part indicated on the right. 
The 2nd lesion was practised 568 days subsequent to the Ist lesion. The 
condition of the animal as regards reflexes, etc., was, prior to the 2nd opera- 
tion, so similar to that mentioned above of dogs with total spinal transection — 
at the front of the thoracic region as not to require further description here. 
The hindlimb reflexes, short and long, were present and very brisk. The 
animal shivered only with the musculature in front of the spinal lesion and 
with the diaphragm. The animal showed rut, and shed its hair in two suc- 
cessive springs. The 2nd lesion caused little or no obvious interference with 
the short reflexes of the hindlimbs. The animal was sacrificed twenty-one 
days after the 2nd lesion, t.c. 589 days subsequent to exsection of the 8th 
cervical segment. 


Exp. 13. Fic.3i. Exe 13. Fic. 32. VI. 


Degeneration. Behind the 2nd lesion in the left lateral and in both 
ventral columns degenerate fibres can be traced throughout the entire length 
of the cord. These fibres diminish considerably in number in coursing along 
the thoracic region, and many cease in the five anterior lumbar segments, 
especially, I think, in the 3rd, 4th, and 5th. In these latter segments these 
fibres lie in two groups—a ventral and a lateral on either side. In the caudal 
region degenerate fibres cannot be traced as far backward in the right lateral 
column as in the left lateral or in either’ ventral column, showing that among 
the fibres in the outer lateral part of the lateral column at the 3rd thoracic 
level are some which arise not further headward than the 1st thoracic segment 
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and extend backward into the posterior part of the caudal region of the cord. 
The maps, Figs. 31—37, furnish the features of the relative distribution of the 
fibres at various levels of the cord more clearly than verbal description, which 
can therefore be omitted. In the dorsal columns two pairs of symmetrical areas 
of degeneration exist to the level of the 7th thoracic (Fig. 32); further back 
than that, a single pair of areas is traceable into the front end of the lumbar 


R 
Exe.3. Fic.33. XT. -Exp. 13. Fig. 34. TTL Exe 13 Fic.35. TLL. 


region ; in the 3rd lumbar segment no trace of degeneration is distinct in the 
dorsal columns. In the caudal region degenerate fibres are present in the 
left lateral column but not in the right lateral. 


Exe l3. Fie.57 


Fig.36, VL. 


Exp. 14. Very young terrier puppy ?. 

lst lesion: total transection in 6th cervical annus Not much shock. 
‘“‘Scratch” reflex obtained from shoulder in 20 hours from lesion. Usual 
reflex excitability set in in trunk and hindlimbs and tail. 

2nd lesion: 12 days after Ist. A semi-transection found by midorosoopic 
examination to be almost exactly confined to and extending throughout the 
right half of the cord at 10th thoracic level. “Scratch” reflex blocked on 
right side. ‘ Hand-foot” reflex on right side modified as in Exp. 8. The 
movement elicited in the fore-limb itself was extension at elbow, some flexion 
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at wrist, and some retraction at shoulder. Animal sacrificed 4 days later, 
too early for degeneration from 2nd lesion. 


| Exp. 15. Fox terrier pup, few days old, ?. 
= Ist lesion: total transection through hind end of 5th cervical segment. 
Respiration continued fairly well. Not much shock. ‘‘Scratch” reflex 
present on day following operation. Usual reflex condition of hindlimbs, 
etc. Stimulation of fore-paw induces slight flexion at elbow, with some pro- 
traction of shoulder and extension at wrist. ‘“ Hand-foot” reflex, shake, etc.. 
all as in other experiments. | 

2nd lesion: 14 days after Ist lesion. A right semi-transection at 10th 
thoracic segment, found later by microscopic examination to extend through 
all but the lateral two-thirds of the width of left lateral column. This blocked — 
| right “scratch” reflex, not left. ‘ Hand-foot” reflex was modified in same 
way as in Exp. 8. 
? Animal sacrificed seven days after 2nd lesion, too early for degeneration. 


| Exp. 16. Young collie dog 9. 
| Ist lesion: a partial semi-section on left side at the level of the 4th 
i cervical root. The exact extent of the lesion was determined by microscopic 
ih examination of serial sections, and is mapped in Fig. 38. The whole of the 
| left dorsal column and of the left lateral-column and a small part of the 


\ 


Exp. 16. Fic.38. IVC: Exe. 16. Fig.59. VI.T. 


dorso-medial region of the right dorsal column were severed by the lesion, but 
the left ventral column between the exit of the ventral root and the ventral 
fissure was hardly touched. | i 

2nd lesion: 241 days later, total exsection of the posterior part of the 4th 
thoracic segment. The condition of the animal at the time of making the 
2nd lesion was as follows: it could walk, run, and spring, but was clumsy 
with the left fore-paw. The left pupil was the smaller and the left 3rd 
eyelid was more visible than the right, giving the dog a “squinting ” appear- 
ance, The'knee jerk was more brisk left than right. Scratching movements 
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of the left hind leg, drawing the leg right forward toward the left shoulder 
and lifting it, were always and apparently quite involuntarily started by 
rubbing the skin over a large area including the left shoulder, but extending 
forward on the neck of the left side and backward on the left side of the 
dorsal aspect of the chest. The scratching movement thus elicited was 
evoked so violently and imperatively that the dog was often thrown off its 
legs by the sudden lifting and protraction of the left hind leg. No such effect 
was obtainable by rubbing the skin of the right shoulder. _ 

After the 2nd lesion (total transection at 4th thoracic) the knee jerks 
_ were equal or the right less brisk than the left but without much difference. 
The “short” reflexes of the hindlimb were vigorous and easily obtained in 
- 24 hours after the operation. Scratching the skin of the dorsal aspect of the 
chest éspecially just behind the shoulder-blade elicited scratching movements 
of the hind leg of the same side, and better left than right in the early days 
following the operation. Micturition by passive pressure. Tail reflexes 
marked. The animal was sacrificed 24 days after the 2nd a that is 
265 days after the original semi-section. 


Degeneration. In the posterior region of the 5th thoracic eogmens the 
descending degeneration had the distribution mapped in Fig. 39. The cord 
was distinctly asymmetrical, the dorsal part of the left lateral column being 
_ especially shrunken as compared with the right. In that part a marked scar, 
not indicated in the figure, lay where the pyramidal tract should have been 
on the left side. The dégeneration in the left lateral column, excluding the 
left- ventral column, shows the fibres descending from the hindmost four 
cervical and foremost four thoracic segments. The degeneration in the 
ventral columns and in the right lateral shows these fibres commingled with 
others from spinal segments further headward, and from the bulb and cerebral 
sources, The curved small tracts of degeneration in the left dorsal column 
must, apart from the possibility of decussation, of which there is little likeli- 
hood, come from the eight spinal segments between 4th cervical and 4th 
thoracic levels: it is noteworthy that the degeneration in the right dorsal 
column is symmetrical with that in the left and about equal to it: it would 
seem therefore that these descending tracts in the dorsal column at this level 
are of fibres not arising further headward than the 5th cervical segment. It 
is seen that in the lateral column some of the fibres descending from origin in 
the isolated eight segments have at the 5th thoracic level come to lie at the 
periphery of that column, but that most have not. 

The degenerate descending fibres are traceable along the left lateral 
column for the whole length of the cord. Their topography at the 11th 
thoracic segment is seen in Fig. 40, and at the 5th lumbar segment in 
Fig. 41. The descending fibres in the dorsal columns are not traceable 
behind the 12th thoracic segment. As the descending fibres proceed back 
along the lateral column they come to occupy more and more exclusively a 
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peripheral position in that column. The number diminishes considerably 
throughout the thoracic region and even more in the lumbar region, but some 
reach the caudal region. : 


5 


Exp 16. Fic.40. XLT. Exp. 16. FiG.4I.V.L. 


Exp. 17. Young collie dog ¢. 

Ist lesion: a partial transection of the left side of the cord at the level 
of the anterior part of the 6th cervical segment. The exact transverse extent 
of this lesion is figured in Fig. 42, as subsequently determined by micro- 
scopic examination of serial sections: it was found to be very nearly a perfect | 


Exe.17. Fic. 42. VIC. Exr 12% Fic. 43. IL-7. 


semi-section. 268 days after this first lesion a total exsection of the 8th 
cervical segment was practised. The condition of the animal just prior to 
the establishing of the 2nd lesion resembled so closely that obtaining in the 
nearly similar experiment 16 that it seems only necessary to record its 
similarity with that. Subsequent.to the total transection there was much less 
shock than is usually seen in dogs immediately after spinal transection at that 
level. There was comparatively little disturbance of skin or rectal temperature 
or respiration or pulse. The pupils became small and the 3rd eyelids became 
abnormally visible. The knee jerks were brisk on both sides within half-an- 
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hour of recovery from the chloroform narcosis. “The “short” reflexes of the. 
leg, the “ tail-wagging” reflex, and the reflexes accompanying evacuation of 
the bladder and rectum were all present on the afternoon of the day of 
operation. The femoral arterial pressure on that afternoon when the dog 
was lying down was as measured by Hill’s sphygmomanometer 94—98 mm. 
Hg. The,“ scratch” reflex could be elicited in each hindlimb by rubbing the 
skin over or behind the shoulder on the appropriate (homonymous) side. 
The “shake” reflex was elicitable, especially by rubbing the skin of the back 
in the median line between the shoulders. 

The animal was sacrificed 14 days after the 2nd operation, that is 282 
days after the original semi-section. 

Degeneration. Behind the total translesion degenerate fibres are traceable 
on the left side in the lateral and ventral columns throughout the entire 
length of the cord, although far less numerous than in the ventro-lateral 
columns of the right side. The fibres in the left half of the cord, having | 
their origin in the 7th and 8th cervical segments, are in the lst and 2nd 
thoracic segments scattered chiefly through the deeper parts of the columns ; 
by the 3rd thoracic segment some of them are approaching near to the 
_ surface of the white columns and few are quite close to the grey matter 
(Fig. 43). They decrease in number as they course backward along the 
thoracic region, and in the lumbar region all that remain lie close to the free 
surface of the column. Many of them stop short in the lumbo-sacral region ; 
_in the caudal region the few remaining lie grouped as shown in Fig. 45. 


Exp 17. Fig.44. lV. L(antpart) Exe 17. 45. 


* 


In the dorsal columns behind the total translesion two pair of symmetrical 
patches of degeneration exist as shown in Fig. 43. The asymmetry of the 
Ist lesion has therefore not disturbed the symmetry of the damage done in 
these columns by the symmetrical 2nd lesion. The tracts revealed can there- 
fore have few components from in front of the 6th cervical segment. These 
descending degenerations in the dorsal columns are not traceable with certainty 
further back than the 8th thoracic segment. 
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IV. REMARKS. 


The foregoing studies show that the neurones afferent from the 
great cervico-thoracic skin-field, which starts the “scratch” reflex in 
the muscles of the dog’s hindlimb, owe their connection with lumbo- | 
sacral motor neurones fo a path that, wholly uncrossed, descends the 
lateral white column (Exps. 4, 5, 7, 8, 10, 11, 12, 14, 15). No essential 
part of the path lies in either dorsal or ventral column, nor in the 
extreme dorsal or median part of the lateral column itself (Exps. 11, 12). 
Considering the large extent of the reflexigenous surface concerned, and _ 
the multi-segmental embouchure of the afferent neurones therefrom 
(e.g. 3rd—5th cervical, inclusive, and 2nd—13th thoracic inclusive), the 
internuncial path must be composed of quite a system of aborally- 
directed conduction-lines; and these must reach motor neurones scat- 
tered from at least the ond lumbar to the 1st sacral segments (inclusive), 
since the movement evoked employs the activity both of the flexors of 
the digits and of the hip. In this required position and extent within 
the cord, our other experiments demonstrate the presence of “long spinal” 
fibres, arising in cervical and thoracic segments and running backward | 
to terminate in lumbo-sacral segments (Exps. 4, 5, 6, 7, 11, 12, 13, 16, 
17). These fibres suggest themselves as the lines of conduction active in 
the “scratch” reflex. These fibres, as we show, do not decussate, and 
the reflex we show to be likewise strictly “homolateral.” The linkage 
between cervical and sacral segments being thus mononeuronic, 1.e. made 
of one long neurone, and not of a series of short neurones, it is possible 
that the “scratch” reflex—and probably others of the “long” reflexes 


_ discussed above, especially their uncrossed portions—require but a 


trineuronic arc, composed of (a) afferent root-cell, (8) “long spinal” 
neurone, and (¥) efferent root-cell. This internuncial “long spinal” 
neurone may perhaps be regarded as a special development of the 
“Schaltzelle” which some authorities (v. Monakow, v. Lenhossék) 
argue is intercalated, in even the shortest spinal arcs, between afferent 
and efferent root-cell. ; 

The nervous are for the “scratch” reflex, which reacts so readily 
and infallibly in the “spinal” dog, does not of course exhibit the same 


fatality of response in the normal animal. A normal dog when rubbed 


behind the shoulder may scratch or it may not. In both of our two 
dogs with cervical lateral semi-lesions (Exps. 16, 17), the “scratch”-reflex 
was obtained from the shoulder on the side of the lesion about as 
readily and certainly as in a “spinal” dog. Evidently the reflex arc 
was on that side cut off from controling mechanisms, which must 
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therefore lie further headward. The dogs could, when standing, often 
be actually thrown off their feet by simply rubbing the shoulder on the 
same side as the semi-section. This loss of control over the reflex 
persisted undiminished. It seems due to section of the lateral column, 
for in one of the experiments the ventral column remained uninjured. 
It may be that the control is exerted wid the pyramidal tract. The 
reflex was shown by Goltz to become more facile after extensive lesions 
of the cortex cerebri’. 

It is clear from the experiments that each of the spinal segments 
examined gives off many nerve-fibres connecting it with spinal segments 
_ lying further backward. So numerous are these aborally-directed fibres, 

that those arising even in a single segment can be traced backward, 
diminishing in number but recognisable throughout the length of the 
cord. At least this is shown for 2nd lumbar, lst lumbar, 6th thoracic 
and 7th cervical segments (Exps. 2, 3,12, 17), the four instances in which 
singly isolated segments were dealt with. It is also shown to be true 
of the fibres from the lst and 2nd thoracic segments taken together 
(Exp. 18). | 

The number of these backward-running association fibres lessens 
progressively as traced further and further from their segment of origin, 
and the decrease seems more rapid near to that segment than at a 
considerable segmental distance from it; in other words, the ties of the 
segment are preponderantly with those segments adjoining itself. 

If, as referred to above, spinal reflexes be classified as “short.” and 
“long,” the aboral association fibres of a spinal segment are usefully 
classified as “short” and “long.” “Short” fibres are those which do not 
pass beyond the boundaries of the region (brachial, crural, caudal, etc.) 
in which they arise, while “long” fibres run from one spinal region 
into another, e.g. from brachial region to crural region, from cervical to 
caudal, etc. In each of these main categories there can be distinguished 
of course fibres of sub-variety of length. 

According to their topography in the cross-section of the cord we 
can distinguish in each of these two main categories of fibres three sets 
or tracts—fibres belonging to both of the above categories situate 
- in the lateral column, in the ventral column, and in the dorsal 
column. It is true a fibre may have exactly the same functional 
significance whether it run in the lateral, ventral, or dorsal column 
of the cord, and fibres in the lateral, ventral, and dorsal column 
respectively may all be of exactly analogous function. Yet in absence 
of better criteria it is handy for descriptive purposes to distinguish 

1 Verrichtungen des Grosshirns, p. 188. Strassburg, 1881. 
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among the aboral association fibres their lateral, ventral, and dorsal sets 
or tracts. The distinction between lateral and ventral tracts is even 
morphologically somewhat artificial, for there exists often, especially in 
the category of “short” fibres, no distinct gap between the ventral and 
lateral fields of the fibres in the transverse area of the cord. | 
We arrive therefore at the following tracts of aborally-running en- 
dogenous fibres in the spinal cord: (i) lateral short association tract, 
(ii) ventral short association tract, (iii) dorsal short association tract, 
(iv) lateral long association tract, (v) ventral long association tract, 
(vi) dorsal long association tract. 

_ The features of the topography. of these tracts, also their relative 
size and longitudinal extent, can be gathered better from the foregoing 
figures than from any even lengthy textual description. To them must 
be chiefly attributed the progressive backward decrease in areal size 
of the ventro-lateral column, shown in the curves constructed by 
Woroschiloff! from Stilling’s data. Both in these curves and in 
our degenerations the progressive decrease is less rapid in the trunk 
region than in the limb regions of the cord. The tracts may be 


regarded as units of the system that finds highest expression in the 


pyramidal tracts of the prosencephalic segments. 

It is in the lateral column that’ the greatest number of the 
descending association fibres lie. Hence perhaps the, pre-eminent 
importance of that column for the “long” reflexes studied in this 
paper. It must however be remembered that that column it is which 
constitutes at least a half of all the white matter of the cord. Rela- 
tively to its area, the ventral column seems to contain an even larger 
proportion of the aboral association fibres than does the lateral column. 


- Certainly it is the dorsal column which contains both absolutely and 
relatively least of them; this fact is the more striking in that the 


dorsal column is the only column in which pathological material has 
furnished much evidence of their existence. 

Speaking generally, the arrangement of the fibres as seen at cross 
levels taken successively further and further from their origin is as 
follows. At first they are seen in a zone closely surrounding the grey 
matter; that zone becomes broader; then the fibres come to form a 
zone separated by a gradually increasing interval from the grey matter ; 
then, distinctly diminished in number, they lie chiefly in a band, narrow 
in the ventral column, wider in the lateral, separated from the free 


_ surface of cord, except at the deep end of the ventral sulcus, by a zone 


clear of degeneration. Gradually diminishing, they encroach more and 
1 Ludwig's Arbeiten. Leipzig, 1874. 
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more on the peripheral layer of the white matter, finally enter that 
and descend in it grouped, especially about the ventral end of the lip 
of the ventral sulcus and about the junction of the middle and dorsal 
thirds of the free surface of the lateral column. The figures given above 
will amplify and correct the impressions conveyed by this bald state- 
ment; those of Exps. 5, 6, 7, 11, 12, 17, and especially 13, give successive 
levels that illustrate the course of the fibres best. In sections containing 
only fibres that have already traversed a considerable distance, these 
are found to lie almost exclusively near the surface of the cord. Their 
arrangement thus extends the rule, exemplified well in ascending fibres, 
that in the cord the longest fibres lie most remote from the grey matter 
(Schiefferdecker, Singer and Miinzer, Sherrington, Hoche, 
Flatau). Hence in our experiments an asymmetrical lesion although 
it causes a degeneration which in the segments near behind is obviously 
asymmetrical may produce in segments still further backward a degene- 
ration which presents little trace of asymmetry (Exp. 13, Figs. 35, 36, 37). 

In the ventral and lateral columns some of the “long” fibres are 
very long; thus some arising in the 7th cervical segment extend into 
the caudal region, bridging a spinal interval of more than twenty-five 
segments (Exp. 17). Again, some arising in the lst thoracic segment 
extend also into the caudal region (Exp. 13). The existence of spinal 
nerve cells with axons which on entering the white matter bifurcate 
each into a headward and tailward fibre (Ramén, van Gehuchten) 
makes it possible that some of the intrinsic spinal fibres demonstrated 
in our experiments connect segments even more distant than those we 
have accredited to them. It is only the backward running arm of such 
T-shaped stem-fibres whose length is actually measured by our obser- 
vations, In the light of our present experiments it is probable that in — 
the “pinna-tail” reflex of the cat’ long association neurones directly 
bridge a spinal interval thirty or more segments in length. 

In the dorsal column the endogenous fibres are in our observations 
none of them so Jong; thus those arising in the 7th cervical segment we 
fail to trace further back than the 10th thoracic (Exp. 17); those arising 
in the 1st and 2nd thoracic segment we lose sight of at the 8rd lumbar 
segment (Exp. 13). Moreover these long associational fibres of the dorsal 
column are far less numerous than those of the lateral and ventral columns. 
Our experiments demonstrate them as slender tracts arising not merely 
in the cervical and anterior thoracic regions, but also’ in ‘the posterior 

thoracic (Exp. 8) and anterior lumbar regions (Exp. 3), and descending _ 
_ thence into the caudal region. It has been a matter of surprise to us — 
1 Croonian Lecture, 1897. Phil. Trans. R. S. London, B. 158. 
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that they have not been so clear in certain of our experiments (e.g. 
Exps. 4, 5), as other of our experiments would lead us to expect. It 
may be that they are subject to individual variation. The topography 
in the dorsal column agrees for the most part with the “ septo-marginal 
tract” of Bruce and Muir (and Obersteiner’s dorso-median sacral 


_ bundle) in man, a tract already shown to exist also in the thoracic region 


(Hoche). 

It is interesting that Exp. 13 indicates that the long associational 
fibres from the anterior part (1st thoracic segment) of the isolated piece 
of cord extend further backward into the sacro-caudal region than do 
the similar fibres from the posterior part (anterior end of 3rd thoracic 
segment) of the isolated cord. The anterior part of the isolated piece 
contains largely brachial (limb) mechanisms, the posterior part does not. 
The fibres coming from the anterior (brachial) part have largely escaped 
on the right side, but have been cut on the left (Fig. 30); and in Fig, 36 
the degeneration is seen to have correspondingly ceased further forward 


in the right lateral column than in the left. - 


In regard to the “long” fibres, we find in all the regions examined 
no evidence of decussation of these tracts. All our evidence is con- 
sentient that these axons nowhere cross from the white matter of 
one half of the cord into the white matter of the other. This does not 
exclude the possibility that the collaterals or fine ultimate terminals of 
these fibres may in some cases penetrate the grey matter to- synapses in 
the grey matter of the crossed side. Also it is possible that the dendrites 
of the cells of origin of these fibres may have ramifications in the grey 
matter of the side opposite to that in which the axon-fibre itself descends. 
That the cells (perikarya) themselves, whence the fibres spring, lie in 


’ the grey matter of the same half of the cord as that in the white columns 


of which the fibres run is plainly indicated by the unilaterality of the 
distribution of the degenerate fibres after unilateral destruction of the 
grey matter (Exps. 2, 3, 5, 11). 

We find the same true, broadly speaking, of the “short” tracts, thus 
confirming Miinzer and Wiener’s statement’. It is certain for the 
great majority of the “short” fibres; it may be true of all, but we 
hesitate to positively affirm that. If any of these fibres do decussate, 
and Fig. 14, Exp. 5, illustrates an appearance that suggests that a few 
of them do so in the ventral commissure, the number is small in the 
regions in which our lesions have injured the grey matter. 

_ The experiments have allowed certain observations upon “ spinal 
shock.” Salient points noted were the following : 
' Prag. med. Wochenschrift. 1895, loc. cit. . 
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(i) The recovery of arterial blood-pressure after total transection in 
the posterior cervical region; this has been noted by one of us pre- 
viously’, and in the above experiments the carotid pressure and the 
aorti¢ ‘pressure through the carotid were several times actually instru- 
mentally measured and recorded, and found not inferior to the normal. 
The recovery appears to take place in a period varying from six days 
to about three weeks. At the end of that time good spinal reflexes 
upon the blood vessels can be usually obtained by stimulation of the 
skin or the central end of afferent nerves belonging to the body-region _ 
behind the total translesion of the cord. The reflex effect upon the 
general arterial blood-pressure is usually in the direction of increase 
of the blood-pressure. The’ reflex activity of these spinal vaso-motor 
centres is heightened by curare in moderate dose. The subsequent 
lesions of the cord practised behind the original total transection did 
not appear to cause any recrudescence or recurrence of the vascular 
shock induced by the original transection. 

(ii) Some degree of “depression ” of the short reflexes of the hind- 
limb followed the establishment of a second lesion in the thoracic region 
~ subsequent to an original total transection in the cervical region. When 
the second lesion was a semi-section, this depression was evidenced on 
the same side as the lesion (Exps. 12, 11, 7, 5,4). This “shock” was 
observed chiefly in the “ marking time” reflex and in the “direct ex- 
tension” reflex. The brachio-thoracic segments must play some part in 
or exert some influence favourable to* the “ marking time” reflex of the 
hindlimb, for the movement of that limb, on the homonymous side, is 
subsequent to semi-section slower in rhythm and less in excursion; and 
it remained so as long as the observations were continued (Exps. 2, 3, 
4, 7,11,12). The channel for this association lies in the lateral column, 
e.g. Exp. 11. There was sometimes a depression of the knee jerk 
on the homonymous side, but it was very transient, and was followed by 
some slight but lasting exaggeration of the jerk on that side. 

We would infer from these observations concerning the shock that 
the fibres descending from posterior cervical and anterior and middle 
thoracic segments to spinal segments behind those of. their origin make 
connections with “centres” for the skeletal muscles of the hindlimb 
(especially perhaps the hip) of their own side much more than with any 
spinal vaso-motor centres, 


1 Proc, Roy. Soc. 

2 Of. ** reflex-time” measurements in “‘ spinal” frog (Rosenthal and Mendelsohn, 
Neurol. Centralbl. Leipzig, 1897); in tortoise (Bickel, Arch. f. d. ges. Physiol. Bonn, 
Lxx. 1898). 
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V. Summary or ConcLusions. 


1. Pfliger’s “Fourth Law” of spinal conduction does not hold 
good in the mammalian (dog, cat) spinal cord. 

2. Afferent channels from the skin of the shoulder are freely 
connected with efferent channels to the muscles of hip, knee and ankle 
_ by an uncrossed path descending the lateral column. 

3. Each spinal segment (in the dog) possesses a wealth of neurones 
with backward running axons connecting it with practically all the 
spinal segments behind itself. 

4. These association fibres may be grouped as 


. lateral tracts 
—_—e short, 7.¢. confined to the spinal region (brachial, 


oT etc.) in which they arise. 


iv. lateral tracts 
v. ventral _,, RE ie. extending beyond the spinal region 


vi aed (brachial, etc.) in which they arise. 


Of these the lateral tracts are largest; the dorsal are smallest, and not 
so long as either the lateral or ventral. 

5. A small fraction of the fibres of the “short” tracts may 
decussate, but the great majority do not. The “long” tracts do not 
decussate. 


6. There is agreement between the spinal path followed in the 


dog’s “ scratching ” reflex and the course of the lateral long association 
tract. There is also agreement between that tract and the “hand-foot” 
reflex and the “ marking time” reflex. These “long” reflexes may there- 
fore employ conduction-chains of no more than three links length. “Long” 
uncrossed spinal reflexes may therefore only require trineuronic arcs. 

7. Certain of the spinal reflexes observed, e.g. “scratching ” reflex, 
though started by a stimulus of segmentally distant application tend to 
maintain themselves by local automatic excitation; these show markedly 
“alternating” character explicable as outcome of “reciprocal innervation.” 

8. There is some evidence that the spinal association tracts descend . - 
to spinal mechanisms for skeletal musculature; none that they influence — 


yaso-motor reactions. 


9. Good vaso-motor reflexes can, by exciting afferent nerves or skin, 
be obtained from the spinal cord after cervical transection, if time has 
been allowed for subsidence of “shock.” Nothing is then necessary to 
reveal the spinal vaso-motor reactions; but curare favours them. 


1 Croonian Lecture, 1897, Phil. Trans. R. S. London, B. 158, 
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THE experiments we discuss in the present paper an arisen from 
some work we were conducting upon the circulation in the lungs. In 
this latter we found it possible to enclose a lobe of the lung in a 
plethysmograph, and it then became necessary to discriminate between 
volume changes due to blood on the one hand and air on the other. 
We therefore studied the movements of air in and out of the lobe; 
a study we were all the more induced to extend as there were many 
points concerned with the actions of the bronchial muscles and with 
the distensibility of the pulmonary alveoli that still required investi- 
gation. The present communication deals with the bronchial muscles 
alone, and we defer to later papers descriptions of our results upon 
the circulation in the lungs and the distensibility of the alveoli. 
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SEcTION 1. EXPERIMENTAL METHODS. 


Our aim in the experiments we describe in this paper has been 
to determine the volume changes of the lung or a lobe of the lung 
during its movements in normal and artificial respiration. The main 
number have been concerned with the study of a single lobe, which 
-we have enclosed in oncometers whose general shape is seen in Fig. 1. 
These were made of gutta-percha, or in the later experiments of sheet 
copper, which possessed the advantage of lightness and rigidity. They 
_ were provided with a wide flange and were thus easily made air-tight 
by a glass cover. We have usually operated on the right lung because 
this lung is more subdivided into lobes than the left. The operation 


Fig. 1, Front and side views of the metal lung oncometer. 


consisted in resecting four or five of the lower ribs—usually the fifth to 
eighth inclusive—until the lung was sufficiently exposed. The animal 
was then laid upon its left side and one of the lobes completely freed 
from its attachments down to the root of the lung. In the cat we 
have generally found it best to take the larger of the two lower lobes. 
This is attached by a fold of pleura along its inner edge to the tissues 
of the posterior mediastinum ; when this is cut through the lobe is left 
free with a short and narrow pedicle. As the pedicle of the lobe is 
very short we have found it best to have no flange to the orifice of 
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the oncometer. To make the orifice air-tight when the lobe is in 
position we use vaseline alone, adding “ vaseline-cotton-wool ” in those 
cases only i in which the neck of the lobe was much smaller than the 
_ orifice of the oncometer. By using vaseline only we avoided any risk 
of unnecessary pressure upon the structures in the neck of the lobe. 

To record the variations in volume we employed either a tambour, 

a piston-recorder, or the bellows-recorder recently described by one of 
us’; of these the two latter were chiefly used because they do not set 
up pressure variations in the oncometer. The piston-recorder employed 
was the latest pattern of the Hiirthle model. This instrument has 
however the great disadvantage that it possesses a very limited range, 
one quite insufficient for many of our experiments. Later we had 
the bellows-recorder at our disposal and therefore chiefly used it. — 
_ In the preparation of the lobe for insertion into the oncometer 
we proceeded in one of two ways:—either great care was taken in 
the handling of the lobe not to compress it in any way, or else by 
_ gentle pressure the air was largely expelled from the alveoli. The 
latter method was the one we usually employed in our earlier experi- 
ments; in a lobe compressed in this manner a considerable pressure 
of air is required to again distend it to its normal inflation. If 
therefore, during artificial respiration, we employed a pressure just 
sufficient to produce a normal expansion of the other lobes we only 
obtained a partial expansion of the lobe experimented upon. By 
carrying the preliminary compression of the lobe one step further a 
condition is reached in which practically no air enters this lobe, 
provided the air pressure employed for respiration is kept so low 
that it is only just sufficient to inflate the rest of the lungs to a 
normal extent. By allowing free entrance and exit into the lobe, 
as in our later experiments, in which we used the bellows-recorder, 
we were of course studying the condition of the lung under much 
‘more normal conditions. 

We have used two further methods for atu the volume changes 
due to the movements of the air in respiration. In the first of these 
an intercostal space was exposed and a small opening made into the 
thorax. A flanged glass tube was then introduced into the incision 
and fixed tightly in position by stitches. It is easy in this way to 
make the joint perfectly air-tight for low pressures. The tube was 
now connected to .a bellows-recorder, which thus registered the amount 


1 Brodie. This Journal, xxvu. p. 473. 1902, 
7—2 
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of air driven out of the thorax at each inflation of the lungs. The 
walls of the thorax thus act as an oncometer, but they are not 
completely motionless. To keep them as nearly as possible at rest 
we therefore bandaged the whole of the abdomen and thorax fairly 
tightly. If, when fixing the glass tube in the thorax, it is tied in 


position about 4 cms. from the sternum and in the sixth interspace, 


this method makes a very simple though not very accurate experiment 
for studying the air volume changes of the lungs in artificial respiration. 
Care must, however, be taken that the lungs are not so far distended 
that the edge of a lobe is driven up to cover the orifice of the tube 
and thus form a valve. 

The other method employed consisted in tying a cannula in the 
trachea and then enclosing the animal in an air-tight box, through 
one wall of which the tube from the tracheal cannula is led. This is « 
essentially the method of Knoll, modified however in that, by the 
use of a large bellows-recorder instead of a tambour, volume-measure- 
ments were taken instead of pressure changes. In these experiments 
either the animal was allowed to breathe normally, or respiration was 
carried on artificially. The latter, for many purposes, is more advan- 
tageous on account of the greater regularity of the movements, and 
because the experiment is then under better control. In several of 
the experiments of this type we have avoided the error due to any 
resistance to movement offered by the thorax and abdominal walls by 
resecting the whole of the sternum and the anterior third of the ribs on 
each side. 

In addition to recording the volume variations of a lobe, or of the 
whole lung, we have in many cases simultaneously recorded the lateral 
tracheal pressure. For this purpose a T-tube was tied into the trachea, 
the lateral branch connected to a tambour covered with rather thick 
rubber membrane, and the other limb to the ordinary tracheal cannula 
and respiration pump. The tambour used indicated for each millimetre 


rise of the writing-point a rise of pressure of 6 mm, of water. 


With regard to these records of tracheal pressure we must point 
out, that the method we used for the artificial respiration is by no 
means the correct one if we wish to record marked changes in lateral 
pressure for any variation in the bronchial resistance, for the air space 
between the respiration pump and the trachea was far too great. We 
have in nearly all our experiments, purposely chosen it so, because we 
wished to keep the tracheal pressure changes as nearly uniform as 


_ possible throughout the experiment. Most of our tracheal pressure 
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records therefore show no or only minimal changes, and consequently 
are not reproduced in our figures. It was only when working upon 
big animals and employing a large blast of air, with a relatively small 
lateral orifice in the tracheal cannula, that the variations in tracheal 
pressure became important. When in the few instances we have 
wished to bring about tracheal pressure changes following changes in 
the bronchial resistance, we have been easily able to do so by 
diminishing the thrust of the air-pump and nearly closing the lateral 
orifice of the tracheal cannula. In such cases we have taken care to 
allow sufficient time for the lungs to empty themselves through this 
restricted orifice. 

The respiration pump and accessories. In any volumetric experi- 
ments upon the lungs one must be particularly careful that the 
successive respirations are completely uniform. In most of our 
experiments we used the method of inflating the lung by a blast of 
air, excess of which is allowed to escape through a side opening in 
_ the tracheal cannula. The form of respiration pump used consists 
of a large piston moving in a cylinder’, The piston was worked 
by a crank attached to a shafting which could be driven at any 
desired rate. The attachment of the piston-rod to the crank can be 
changed quickly, so as to alter the amount of air delivered at each 
thrust. The valves directing the course of the air work easily, but 
are perfectly air-tight. The upper end of the cylinder is closed in 
and provided with an inlet tube, so that any gas required can be 
administered in place of air. On the delivery tube is a specially 
constructed tap’, by means of which any desired fraction of the air 
delivered at each thrust can be diverted into a small bottle containing 
an anesthetic. In this way the amount of anesthetic may be accurately 
graduated without in any way altering the total volume of air delivered 
to the tracheal tube at each inflation. 


We did not find it any great advantage to moisten the air injected pri 


into the lungs, but we consider it of essential importance that it should 
be efficiently warmed. Several attempts to do this were made, such 
as by passing the air through several feet of lead piping immersed in. 
hot water, but the ultimate and only really successful method of 
warming was as follows:—The delivery tube from the respiration 


' This form of respiration pump is made from the designs of one of us (T.G.B.) by 
Mr C. F, Palmer, Brixton. 

* Figured and described in the “ Proceedings of the Physiological Society,” p. xxxii. 
This Journal, xxvu. 1902. 
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pump was connected to the lower end of a 
the operating table. Inside the cylinder ti 
power lamps were fitted, and from the 
another piece of tubing carried the warn 
connecting tube from the warming cylind 
kept. as short as possible. The whole of 
to the tracheal tube was of large diameter. 
we could modify the pressure at which 
lungs in one of three ways, viz. (1) by alte 
the tracheal tube, (2) by changing the au 
pump without altering its rate, or (3) | 
pump. Throughout our experiments we 


low as possible, only allowing it to rise 


for the efficient distension of the lungs. 
Animals, anesthesia, etc. The. animal: 
the results were controlled by a considerak 
dogs and rabbits. With the exception of 
the animals were killed by pithing, all we: 
ether, but at times with chloroform, or v 
experiments on dogs we generally adminis 
few cases we anesthetised first with ether 
either intravenously or intraperitoneally. 
Care was always taken to keep the ai 
in which the operation was performed was 
animal lay upon a bed of cotton-wool sux 
with water a little above body temperatu 
ended the animal was covered up with cot 
In all the experiments an ordinary 
excitation with a single Leclanché cell. ‘ 


_.., on the tongue when the secondary coil 


We reproduce in Fig. 2 a tracing’ obt: 
in which the lobe was distended at each ; 


| normal extent. It clearly records simu 


1 All the tracings in this paper are to be read frox 
record gives seconds, All the tracings reproduced : 
for lung volume, B.P. for blood-pressure and T.P. fo: 
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end of a metal cylinder fixed beneath 
ylinder two incandescent eight candle- 
rom the upper end of the cylinder 
the warmed air to the animal. The 
ig cylinder to the tracheal tube was 
whole of the tubing from the pump 


liameter. By means-of this apparatus — 


; which the air was delivered to the 
) by altering the size of the exit from 
g the amount of air delivered by the 
or (3) by altering the rate of the 
ents we have kept the pressure as 
to rise to just the — ee 
> lungs. 

3.animals mainly used were cats, but 
msiderable number of experiments on 
sption of a few experiments, in which 
g, all were anesthetised, usually with 
rm, or with the.ac.£. mixture. In 
- administered morphia as well. In a 
ith ether, and then injected urethane 
meally. 

2p the animal warm. Thus the room 
med was always well warmed, and the 
-wool supported on a copper box filled 


perature, After the operation was — 


with cotton-wool. 

ordinary du Bois coil was used for 
é cell. The current could just be felt 
dary coil was at 14 cms. from the 


ETATION OF THE RECORDS. 


sing’ obtained in a typical experiment 
at each inflation to approximately the 
‘ds simultaneously two variations in 


ne read from left to right, In all cases.the time 
pproduced are from the right lung. L.V. stands 
ind T.P. for tracheal pressure. 
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large amplitude, #.e. each high vertical, is due to 
air in and out of the lobe; and that of small 


and curare. One milligramme of muscarine Satisesly 
ro B.P. is 16mm. below the abscissa line. Reduced }. 


volume pulse. Unless otherwise stated-the rise 
acings indicates increase in volume, é.g. inflation 
mount of blood contained within the lobe. An 
amount of blood is represented by a rise in the 


if the waves, and conversely a rise of this line 


vays, indicates increase in blood-volume. In 
ous features of this tracing more clearly the 


s stopped during the part a. This brings out — 


amplitude of the blood-volume pulse and the 
he lobe. The gradual fall of the tracing after 
aration shows that the lobe was nearly able to 
7 at each retraction. The amplitude of the 


} is seen to be very small in comparison with | 


0 mm). When the artificial respiration was 
: distension effected progressively increased for 
when its original amplitude was regained. On 
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account of the slow rate of the recording st 
as almost vertical lines with pointed apex an 


of our tracings, for usually we were only desi 


of the wave, not its general form’. 

There are two lines in our curves to wi 
frequently and to which we therefore give 
reference. ‘The first of these is that draw 
air-waves and forms the upper border of 
second is a similar line drawn through tl 
border of the record. We will term th 
limiting lines respectively. In Fig. 2 it iss 
both these lines, those in the upper line bei 


is generally true for all our tracings. The si 
discussed in the next section. 


At about the middle of the tracing, at t 
signal line the vagus was first ligatured, th 
character of the tracing materially, the a 
increasés, and the waves on the limiting li 
These changes are again referred to later. 

With regard to the air movements 
variations to study, (1) a change in the tc 
in the rate of rise and fall, and (3) an a 
residual air left in the lobe at the comm 
The consideration of the second of these fac 
of this paper. An alteration in the total an 
in the volume of air entering and leaving | 
cycle, may be brought about by an alteratior 
(1) a change in the air supply, either in t 
during which it is allowed to distend the | 
distensibility and elasticity of the alveolar 


«the resistance between the trachea and the 


(1.) The first of these is as a rule un 
possible to so arrange the apparatus for a 
alteration in the other two will produce s 
first that it may be nearly always neglect 
this is not the case is recorded in Fig. 24, | 
we have as far as possible avoided any erro 
using a large volume of air for each inflati 


1 This latter we discuss in section 8 of 
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wrding surface the air-waves appear 
| apex and base. This is so in most 
only desirous of studying the height 


ves to which we shall have to refer 
‘ore give names for convenience of 
at drawn through the apices of the 
order of the volume record. The 
rough the bases, and is the lower 
term these the upper and lower 
2 it is seen that there are waves in 
line being the more marked. This 


. The significance of these waves is — 


cing, at the instant indicated on the 
tured, then cut. This changes the 
ly, the amplitude of the air-waves 
niting lines are completely altered. 
later. 

vements there are three possible 
in the total amplitude, (2) a change 


(3) an alteration in the amount of — 
e commencement of each inflation. 


these factors is deferred to section 8 
. total amplitude of the air-wave, 1.e. 
leaving the lobe at each respiratory 


alteration of one of three factors, viz., 


ther in the pressure or in the time 
2nd the lobe, (2) an alteration in the 
alveolar wall, or (3) an alteration in 
and the alveoli : 

rule under direct control, and it is 
tus for artificial respiration that an 
roduce so small an effect upon the 
s neglected. An instance in which 
Fig. 24, p. 136. In our experiments 
any error arising from this cause by 
ch inflation, and keeping the tubing 


ection 8 of this paper (p. 147). 
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ete., leading from the pump to the trachea of large calibre, with a large 


lateral orifice in the tracheal cannula. 


(2.) The second factor can only be due, in our experiments, sithec 
to a change in the amount of blood contained within the pulmonary 
capillaries, or to the production of an effusion or secretion in this 


position. In all the changes we wish to discuss in this paper, 


effects of this kind either do not occur or are so minute that they 
may be neglected in face of the very large variations otherwise 
produced. That we are not dealing with any important change in the 
distensibility of the alveolar walls is easily determined by allowing a 
large volume of air at known pressure to distend the lobe before and 
after any particular observation. We have thus shown that the 
alveolus ultimately dilates to the same volume under the two given 
conditions. 


(3.) The third factor in’ these experiments can only come into play- 


in consequence of a change in the diameter of the lumen of the 
bronchioles. This diminution may be due either to muscular contraction 
of their walls or to swelling of the mucous membrane, but almost 
invariably the change has been muscular. 

The evidence to be looked for as affording proof of contraction is a 
change in one of three factors :— (a) in the amplitude of the air-waves, 
(5) in an approximation of the limiting lines, or (c) a change in the rate 


of ascent or descent of the air-waves. The production of a constriction 


may be made to show itself in a simultaneous change of all these three, 
by altering the rate and force of the artificial respiration so that the air- 
waves are well marked and possess pointed apices. This latter point 
indicates that air was entering the alveoli during the whole of the 
inflation period. A flat-topped curve on the other hand indicates that 
the pressure of inflation lasted a longer time than was necessary to 
distend the alveoli to that pressure. In the sensitive state therefore a 
rise in the resistance of the air passages will be shown by a diminution 
in the rate of filling, and as the pressure only acts for the same length 
of time as before, by a diminution in the amplitude and a consequent 
alteration in the level of the limiting lines. The other method of 
experiment in which attention is directed to the rate of filling, and not 
to the total amount of distension, is not so convenient for experiment, 
and the occasions on which it is of special use are therefore given 
separately in section 8. A further convenient evidence of bronchial 
constriction is a rise of tracheal pressure, and we have consequently 
recorded it simultaneously in many experiments. Experiments of this 
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elass' succeed easily when the rate of filling of the alveoli is relatively 
slow. This latter effect was brought about by using a lobe only 
partially distended. As previously pointed out gentle handling of a 
_ lobe produces a degree of collapse such that, while the remainder of the 
lungs is normally distended by the respiration pump, this lobe only 


dilates to about one-half or even less of the extent to which the others . 


are distending. The reasons of this behaviour are by no means easy to 
determine. One possible explanation is that the compression of the 
lobe has completely emptied many of the alveoli, and the adhesion 
of their surfaces cannot be overcome by a pressure of inflation 
sufficient to fully distend a normal lobe. This condition would be 
accentuated by the action of the collapsed alveoli in restraining the free 
movement of the normal alveoli in their immediate neighbourhood. 
The alterations in the direction of the limiting lines produced by a 
constriction may vary considerably, thus we may find rise or fall of 
either of the lines in all their possible combinations compatible with a 
diminution in the height of the air-waves. The most typical change is 
a rise in the lower and a fall in the upper limiting line. These may be 
of equal extents or much more marked in one than in the other. -A 
common result is a very marked rise in the lower limiting line and a 
smaller rise in the upper, Fig. 17, p. 128. As to what will happen in 
any given case depends upon the following factors, (1) the degree of 
constriction, (2) the force of inflation, (3) the time intervals between 
successive inflations. By properly modifying the last factor one can 
accentuate at will any of the possible variations. | 
The interpretation to be placed upon the changes of level of these 
lines must be based upon the following considerations. With any given 
condition of the bronchioles the degree of inflation and its rate depend 
upon the duration and extent of the change in tracheal pressure. The 
corresponding features of deflation are due to an elastic recoil of the 
alveoli—a force which is small in comparison to the force employed in 
distension. Consequently, the rate of emptying is rather slower than 
the rate of filling, especially in the later stages. In an experiment 
arranged with the lobe in a sensitive state, the lobe is filling the whole 
duration of the inspiratory phase, and emptying the whole duration of 
the expiratory phase. If the high tracheal pressure at the end 
of inflation lasted longer the lobe would continue to expand, and 
also if the expiratory phase lasted longer the lobe would continue to 
contract. If now a constriction. of the bronchioles be produced the rate 
of filling falls off, hence the height of the air-wave is less. The rate of. 
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emptying also decreases and consequently the fall of the lever is less. 
There is thus a tendency for the upper limiting line to fall, and the 
lower to rise. If :the expiration time is further shortened we tend to 
produce a more marked rise in the lower limiting line and conversely. 
The greater the rise thus induced in the lower limiting line the less 
becomes the fall in the upper, until at last a stage is reached in which 
the upper line begins to rise. By still further continuing to shorten © 
the expiratory phase a very considerable rise of this line, indicating 
marked over-distension, may be produced. 

If on the other hand with fixed conditions of initia and deflation 
a similar series of changes be produced they will indicate’a gradually 
increasing change in the other main factor, viz., the constriction. The 
more marked the tendency to the production of over-distension becomes, 
the greater must be the constriction, but there is obviously yet another 
reaction possible, viz., one in which the constriction comes on so quickly 
and so forcibly that no time is allowed for over-distension, and collapse 
of the lobe is produced with complete absence of air movements. 

To recapitulate the main conclusions: it has been shown that in the 
employment of our method a constriction of the bronchioles is proven 
_by one or more of the following changes in the tracing : ‘ 

1. A diminution in the amplitude of the air-waves. 

2. An alteration in the rate of rise and fall of or waves 
(especially the latter). 

3. The production of an increased and — inflation, ¢ ie. a 
rise of the lower limiting line. 


Section 3. THE CAUSE OF THE WAVES SEEN IN THE LIMITING LINES. 


_ The waves which occur on the limiting lines (cp. supra) are of two 
varieties. In the first of these the crest and trough of the waves 
respectively correspond in the upper and lower lines ; when this happens 
the two waves are always of the same amplitude and consequently the 
total amplitude of the whole tracing does not vary. These waves are 
relatively rare, and when present are usually rather irregular. We 
reproduce in Fig. 3 a tracing showing this form. They can only be 
produced in one of two ways. The first and more usual is a rhythmic 
variation in the. total blood-volume of the lobe, and frequently 
synchronous variations in the aortic pressure curve are seen. The 
second possibility, which must always be excluded, is that the lobe was 
not properly fixed in the oncometer and that rhythmic movements on 
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the part of the animal (9, respiratory) pulled upon the ‘root of the 
lobe. Waves of this origin are of course excluded by the use of curare. 

The second variety of waves is the more common : here the crest of 
the wave in the one line corresponds in time to the trough of the wave 
in the other. The waves in the tracing of Fig. 2 belong to this variety. 
Waves of this form may also be produced in one of two ways. (a) By 
variations in the tonus of the bronchial muscles, or (6) By interference 
effects between the air and the blood-volume. 


Fig. 3. Cat.: A.O.E. The zero B.P. is 38 mm. below the abscissa line. During the 
interval indicated by the signal the vagus was first ligatured and then cut. Reduced }. 


Fig. 4. Dog killed by pithing. Upper tracing tracheal pressure. During the time - 


We have never observed tonus waves in any of our tracings at the 
commencement of an experiment, i.e, under normal conditions. They 
only made their appearance as the result of some action, such as vagal 
stimulation or the use of a drug. Thus in Fig. 20, p. 131, waves are 
produced by stimulation of the vagus. In Fig. 36, p. 158, a dose of 
pilocarpine is seen to produce a very marked wave of constriction. 
before completely occluding the bronchioles to the lobe. | 
But the waves usually seen are interference in character, as may 


be proved by temporarily arresting either of the two factors producing 
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them. Thus in Fig. 2, where ata the air movements were stopped, 
_ the waves disappeared. The three small waves seen just. after the 
tracheal tube was disconnected from the respiration pump are due to 
accidentally allowing a little of the air blown from the pump to enter 


the open end of the tracheal tube. If, on the other hand, the blood be | 


excluded from the lobe the interference waves again disappear and we 
get air-waves of uniform height. This can be done by suddenly 
clamping the vessels running to the lobe, or as in Fig. 4 by clamping 
the artery only. ~ In this experiment the artery was clamped during the 


time indicated on the signal line, and was released at the instant the — 


signal fell, but did not at once fill again, for the lobe was seen to remain 
— bloodless. The waves in the first part of this figure are most marked 
in the lower limiting line. The fall in this line directly after clamping 


the artery is due to the emptying of the lobe of blood, the vein having — 


been left untouched. The irregularities in the descending part of the 
same line are due to slight movements of the clamp pulling upon the 
lobe: they correspond exactly with similar variations on the upper 
limiting line. By excluding the blood therefore the waves have again 
been abolished. | 

Apart from demonstrations of this type, which are not always 
possible, we are able to prove from examination of the tracing itself 
that we are dealing with interference effects, by applying the known 


tests for waves produced by interference. Thus, if the number of 


respirations and heart-beats which go to form a complete cycle be 
counted, it is found that the number of heart-beats + or — 1 is an exact 
multiple of the number of respirations. Thus for the wave marked a 
in Fig. 4 the number of respirations is 7, and the number of heart- 
beats 8. Again, for the wave marked 6 in Fig. 2 the number of 
heart-beats is 31, and of respirations 6, 

Yet a further proof exists in that the sum of the total amplitudes 
of the waves on the limiting lines is doyble the amplitude of the blood- 
volume pulse. Thus in Fig. 2 the amplitude of the wave on the upper 
limiting line is 3 mm., that on the lower line is 2 mm., and the volume- 
pulse is 25mm. A similar result has been obtained by us in nearly 
all the waves which so frequently occur throughout our tracings. 
These waves are always most marked when the lobe is only being 
partially expanded, a result to expect from a priors reasoning, for then 
the ratio of the volume-pulse to the aiy-wave is greater. Further, the 
waves are very variable in length, rare continuing of the same length 

for long. This is because the heart rate is rt altering while 
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the respiratory rate remains constant. This’ variability is well seen in 
Fig. 5. Cat. A.C.E, BR. vagus cut. The animal had previously received 0-01 grm. 
pilocarpine. Zero B.P. lies 60 mm. below the abscissa. Reduced }. 


Fig.6, Cat, Zero BP, lies 21 mm. below the abscissa. Reduced}. 


wave b the numbers are 8 and 17 respectively, the time interval 


between the two being only 90 seconds. The difference is due to an 


Fig. 2, and is again exemplified in Fig. 5. For the wave a of this 


tracing the number of inflations is 12 
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alteration in the rate of the heart-beat, which at a is 32 in 10 _ 
while at 6 it is 34 in the same time. 

Another featire of the tracings is that the notches on the air-waves 
| peidianl by the volume-pulse fall successively later or earlier, as the 
case may be, upon the air-wave, and that the notch thus appears to 
travel either up or down the air-wave culminating at a crest or trough 
of the waves on the limiting lines. This is seen in Fig. 2, but we give 
another instance in Fig. 6, as it illustrates the point far better. In 
this figure the wave a is produced by 12 respirations, and 37 heart- 
beats. 

To sum up, waves are most commonly due to interference, and their 
mode of production is exactly comparable to the phenomenon of beats — 
in sound waves. They may also be due to rhythmic contractions of the 
bronchial muscles ; thus we have observed them immediately after the 
* death of an animal, 1.¢., after the heart has ceased to beat (Fig. 34, p. 154), 


and in artificially perfused lungs, where the pressure of oe was 


maintained at a constant silieti 


Section 4. SOME EXPERIMENTS ON A SCHEMATIC LUNG. 


In order to exemplify and control some of the results obtained 
upon the lung we conducted a few experiments upon an artificial 
pulmonary alveolus represented by an elastic bag. This was enclosed 
in a bottle and its orifice tied upon a short piece of glass tubing passing 
through the rubber cork of the bottle. A second glass tube through 
this cork was connected to a bellows-recorder, which thus registered 
the volume variations of the sac, the bottle acting as an oncometer. 
The rubber bag was now distended rhythmically by the respiration 
pump, to which it was connected through a tracheal cannula. Between 
the cannula and the bag was a length of rubber tubing provided with a 
screw-clip. The rubber tubing thus represented the muscular-walled 
bronchus, the lumen of which could be restricted by the screw-clamp. 

In the next two Figures are given the results of experiments in 
which the tube leading to the balloon was very gradually constricted 
and then as gradually released. The effect upon the volume per 
inflation commences directly the constriction begins, progressively 
increases with it, and falls off as’ the constriction is relaxed. Both 
figures show a diminution of the amplitude of the air-wave as the 
constriction is increased, but the other features of the tracing are 
markedly different. In Fig. 7 the upper limiting line falls and the 
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lower rises, whereas in Fig. 8 the upper line falls a little at first, then 
quickly rises, while the lower rises throughout. In both we get a 
reversal of the changes as the constriction is decreased, and both show 


Fig. 1. Tracing obtained from a thin-walled rubber sac rhythmically distended as in 
artificial respiration, Rate of pumping was 3 in 2 seconds. The inlet tube to the 
sac was gradually constricted and gradually relaxed. 


Fig. 8. Similar tracing to that of Fig. 7. The only change is in the rate of pumping, 
which now is 1 per second. The rate of movement of the drum has been 


Fig. 9. Similar tracing to the two preceding. The only change is in the rate 
of pumping, which is now 1 distension in 4°5 secs, 


that as the constriction was produced, less and less air was forced 
through the resistance into the balloon. The variations in the limiting 
lines illustrate the points already discussed on pp. 106, 107; and the way 
in which the two effects were produced are therefore of interest in 
this connection. Both tracings were taken from the same bag within 
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a short time of one another, the only difference in the experiments 
being that in the second (Fig. 8) the rate of pumping was decreased to 
two-thirds the rate used in the first, the rate of movement of the drum 
being proportionally altered. .The maximum pressure of inflation was 
therefore decreased, but, as measurement showed, only to a slight degree. 
In spite of the greater maximum tracheal pressure attained ‘during 
each inflation the curve is of less height, for the variation in height ~ 
is rather a function of the time-duration of the rise of pressure—in 
this instance being very nearly directly proportional. Thus the ratio 
of the:times is as 2:3, and the heights are 21 and 32 mm. respectively. 
A further difference, which however is unrecorded in the Figures, is that 
the balloon during Fig. 8 was more distended at the end of deflation 
than in Fig. 7. The reason there is such marked over-distension in the 
second case and not in the first is therefore clearly due to the relatively 
greater difficulty of emptying as compared to filling. This greater 
difficulty is due to two: causes, first, because there is more air to drive 
— out, and secondly, because the internal pressure of a thin-walled rubber 
balloon falls the more it is distended. This is patent from the well- 
known fact that if two exactly similar balloons, one distended 
considerably, the other to a less extent, be connected to one another, 
the less distended one empties itself into the more distended. Whether 
we have’a similar phenomenon at play in the movements of the 
pulmonary alveoli is a point to which we return later. 

It is also possible to convert the first effect of the ties 0 preceding 
figures into the second in yet another way, viz. by increasing the 
distending pressure so that the movements of the balloon are more 
marked. In this manner again we attain the same end, that is, the 


balloon is made to empty a larger volume of air each phase. The 


emptying being effected by a smaller force than the filling, it is 
consequently more influenced by an increased resistance, so that as 
this latter grows the over-distension nenomee progressively more 
marked, 

Both these reactions are sensitive in that they show well-marked 
variations following a small constriction of the inlet tube; they are 
also sensitive for another reason, not to be gathered from the figures 
themselves, viz. that the whole of the changes were brought about by 
a relatively small increase in the resistance, and that a distinct effect 
was produced immediately the resistance was increased. For comparison 
with these results we give a third in. Fig. 9, which was obtained from 
the same balloon and shows how the sensitiveness has been lost by 
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reducing the rate of the respiration pump. The surface was travelling 
at the same pace as in Fig. 8. The rate of the pump was 4°5 times 
slower, and the amount of air delivered each inflation was the same. 
The most important difference is that the change in amplitude does not 
commence when ‘the constriction was begun. When it is produced 
it is very marked, and is sudden in onset, not because the rate of 
increase of the resistance was more sudden than in the preceding cases, 
| but because a marked change could only be produced when the tube 
| leading to the balloon was nearly occluded. 

From these experiments on balloons we conclude that working with 
an artificial system designed in imitation of the lung, it is necessary, 
if we wish to obtain sensitiveness in the direction of being able to show 
small changes in the resistance of the tubes leading to the distensible 
| sacs, to employ a force of inflation sufficiently great to give a good 
: distension and worked fairly rapidly. These conditions we have also 
found to hold true for the lungs with certain reservations which are 
discussed when considering the action of the vagus on the bronchioles. 
We should mention that in addition to the two effects we have 
reproduced in Figs. 7 and 8, yet a third is possible and may be readily 
produced if desired. This is an entire absence of over-distension, | 
1.¢., during the constriction the amplitude falls off as before but the © 
lower limiting line of the tracing remains straight. This is a condition 
frequently observed in the lungs, and can be at once reproduced by 
allowing a sufficient time for mie sac to completely empty itself at each 
deflation. 


SECTION 5. BRONCHO-CONSTRICTOR NERVE-FIBRES. | 


The question of the innervation of the bronchial muscles has been 
the subject of many investigations, but it was not until the papers of 
Einthoven and of Beer appeared that the existence of constrictor 
c fibres in the vagus was satisfactorily demonstrated. Our observations - 
| have been very numerous, extending over more than 100 animals, 
chiefly because. we found so many negative or partially negative results — 
that it was necessary to determine their meaning. One important © 
result of our work is that we are able to satisfactorily demonstrate the 
existence of broncho-dilator fibres running side by side with the con- 
strictor fibres (cf. p. 188). Their presence was the cause of many of 
| the initial difficulties, In the description which follows we first give 
a short account of the previous literature, for which we are largely 
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indebted to the papers of Gerlach, secachtap il and Beer, aie then 
proceed to our own — 


i, Historical. 


Williams? was the first to investigate the action of the vague upon | 
the muscles of. the trachea, bronchi, and bronchioles. His animals were 
killed, and a tube, tied tightly in the trachea, was connected to a water- 
manometer. The trachea and lungs were then removed and a large 
sheet electrode was fitted around the lower margins of the lungs. A 
current from a powerful battery was now passed through the lungs to 
the brass cannula in the trachea. Each time the current was closed the 
manometer rose considerably (50 mm.), only falling slightly if the current 
was kept closed. Williams found that though the fibres were easily 
fatigued the effect could be obtained repeatedly for about an hour after 
the death of the animal if intervals of rest were allowed. If the lungs 
were too distended only poor effects were obtained. ' 

Mechanical excitation of the vagus was ineffective, as also was the 
passage of a constant current through the nerve, although the esophagus 
was strongly ‘convulsed’ by this stimulation. On cutting into the lung 
he found that the bronchi contracted powerfully to mechanical excitation. 
He concluded therefore that the bronchial muscles were easily excitable 
directly, and that the vagus was not their motor nerve. His experi- 
ments give evidence which, in the light of our present knowledge, 
clearly indicate that by his method the bronchial muscles were really 
being excited indirectly, for he found that it was not possible to register 
a contraction later than about one hour after death, and further that a 
dose of strammonium or atropine given just before the death of the - 
animal prevented the occurrence of the reaction. Under both conditions 
we now know that the muscles are still capable, of contracting if 
suitably excited. 

Longet? was the first to show that the vagus contained motor fibres" 
to the bronchial muscles. He directly observed the bronchi, exposed by 


cutting through the lung, in freshly killed large animals (horse, ox), and 
_ found that they contracted when the vagus was excited electrically. 
_ He points out, however, that his experiments do not permit him to say 


whether the minute bronchi behave similarly. 
Volkmann® also obtained positive evidence of the action of the 


1 Williams. Brit. Assoc. Reports, 1840, p. 411. 

* Longet. Comp. Rend., t. xv. p. 500, 1842. 
Volkmann. See Article Nervenphysiologie ” in Wagner's Handworterbuch der 
Physiologie, p. 586, 1844. 
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vagus on the bronchi. His method consisted in tying a glass tube, — 
drawn out to a fine nozzle, into the trachea. The animal was killed and 
a small flame placed in front of the nozzle. On stimulating the vagi 
he, in all cases, observed movements of the flame, and in one experiment 
it was even blown out. He obtained the same result when the thorax 
was opened, though the movements were then much weaker. Here 
_ again the results though positive give us no proof of the influence of the 
vagus upon the smaller bronchi. They only tell us that the air space 
contained within the lung has been decreased, but that might well be 
due entirely to an action upon the trachea and large bronchi. The 
same criticism must hold for any method that attacks the problem 
statically. Most of the early observers employed such a method, 
usually recording the intra-pulmonary pressure by a water-manometer 
connected to the trachea of a recently killed animal, after the manner 
employed by Williams. Thus Donders? in his classical work upon 
_ the force of retraction of the lung recorded the pressure in this manner, 

and although he investigated the effect of vagal stimulation on several 
_ occasions he invariably obtained negative results, A probable explana- 
tion of his lack of success may be that the lungs were too highly 
distended when the vagus was excited. Similarly Wintrich* obtained 
negative results, when the thorax was either opened or intact. Knaut’ 
however obtained positive results in the greater number of cases, but 
the rise in pressure was in no case very great. The results of experi- 
ments of this class were criticised by Riigenberg‘, who ascribed the 
positive results to the movements of the cesophagus simultaneously 
produced. 

Bert’s® experiments were of the same type, but he introduced the 
important modification of recording the pressure changes by a tambour 
instead of by a water-manometer. At first his results tended to confirm 
Riigenberg, but he later found that the negative result was due to the 
fact that’ he was distending the lung to too high a pressure. When 
working upon collapsed lungs he always obtained positive results, As 
these experiments were performed upon dogs he pointed out that it was 
the vago-sympathetic that was excited, and to determine whether the 
active fibres belonged to the vagus or to the sympathetic, he tested the 


Donders. Ztschr. rat. Med, m1. p. 292. 1853. 

* Wintrich. Virchow’s Handbuch d. spec. Path. u. Ther. v. Abt. 1. p. 189. 1854. . 
> Knaut. Dissert. Dorpat, 1859. 

_ * Riigenberg. Studien des Physiol. Instit. zu Breslau. Heft 2, p. 47. 1863. 
© Bert. Legons sur la physiologie comparée de la respiration, Paris, 1870, p. 369. 
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action of the vagus in reptiles and found it to cause contraction of the 
lungs both in the case of turtles and lizards. He further found that 
the right vagus in these animals innervated the night eit) only, and 
conversely. 

Schiff’, accepting the proof that wtetaion of the vagus caused a 


contraction of the lung, attempted to determine whether the alveoli or 


the bronchi were the parts which contracted. For this purpose he 
removed the lungs with the trachea and vagi from an animal immedi- 
ately after death. Having slightly distended the lungs the trachea was 
stopped by a rubber cork, on to which it was tied tightly. The lungs 
were then laid upon a table, the nerves placed across electrodes which 
could be worked from a distance, and a thin bright metal disc placed on 
the edge of a lobe. The edge of this disc was watched through a 
telescope from @ distance. On stimulation of the vagus he obtained 
negative results in most cases, in five the disc fell a few fractions of a 
mm., and once it showed slight rotatory movements. He thence con- 
cluded that it was the parenchyma of the lung which contracted and 


~ not the bronchioles. 


Though his experiments may be considered confirmatory to those 
showing that the lung contracts on vagal excitation, they certainly 
cannot be interpreted as discriminating between contraction of the 
bronchioles and contraction of the parenchyma. If the small bronchioles 
contract in a lung at rest they must pull upon the neighbouring parts, 
and so can lead to a decrease in thickness of a lobe, without necessarily 
altering the volume of the alveoli. His readings, moreover, indicated 
such minute changes that the method cannot be considered delicate 
enough for the purpose. 

Toeplitz® returned again to observation of the intra-pulmonary 
pressure in recently killed animals but could oy obtain negative 
results, 

Gerlach’ repeated these experiments, employing a water-manometer 
to record the change in pressure. Working upon excised lungs some- 
what after the manner adopted by Toeplitz he always obtained negative 
results, whereas if the lungs were left in situ positive results were 
gained. Thus in a dog he obtained a rise of 6 mm. of water when both 
vagi were excited, and in a rabbit a rise of 4mm. This success led 
him to work upon curarised animals, The pleure were opened and the 


1M. Schiff. Pfliiger’s Archiv, tv. p. 226. 1071. 


2 Toeplitz. Ueber d. Innerv. d. Bronchial tur. Dissert.. Kinigsberg. 1873. 
* L. Gerlach. Pfliiger’s Archiv, xm. p. 491. 1876. 
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vagi excited during a pause in the artificial respiration. He again 
obtained positive evidence, but the rise of pressure recorded was very 
small, usually about 5 or 6 mm. of water. Though the use of living 
animals is an obvious advance it possesses two great disadvantages. In 
the first place, each heart-beat expresses itself upon the manometer and 
consequently ‘makes it difficult to read with accuracy. Secondly, some 


or all of the pressure changes might be of vascular origin, a source of 


error which Gerlach avoided as far as possible by only employing weak 
stimuli. The latter point is of very serious importance where such 
small pressure changes are alone produced. Gerlach excluded all 
possible error which might arise from movements of the esophagus or 
stomach or from contraction of the trachea. He concludes therefore — 
that the effects are due to the bronchioles. pee 

The experiments of Bdékai! were practically of the same type. He 
excluded the influence of the trachea by employing a long cannula 
which he pushed down to the bifurcation. This was then connected to 
a tambour. The animal was killed, and the chest widely opened, the 
diaphragm cut away, the heart supported, the o:sophagus cut through 
and the stomach removed. After these precautions he always obtained 
positive results when the vagi were excited, provided the lungs were not 
too fully distended. He found the left vagus gave better results than 
the right. 
_ In more recent times working upon curarised 
and recording the tracheal pressure by a tambour, only obtained slight 
changes. He excluded any error due to movements of the esophagus 


as in Gerlach’s experiments and gives curves showing a rise of pressure 


on excitation of the vagus, but, as in all experiments of this type, the 
changes are very slight. He states that many were negative and that 
often both positive and negative effects were obtained from the same 
animal. He employed atropine to exclude cardiac changes and stated 
that in some instances a dose just sufficient to paralyse the cardio- 
inhibitors left the bronchial fibres still active. In this we have 
completely failed to confirm him, but are in complete agreement with 
both Einthoven and Beer. 

As we have already pointed out, experiments by this method are 
very unsatisfactory for several reasons, Thus, they.do not distinguish 
between the bronchi and bronchioles, and the effects in the best of cases 


1 A. Bokai. Orvosi Hetilap, No. 25. 1880. 
Jahresbericht, xx. p. 79, 1881. 


2G.Sandmann. Arch. f. (Anat. u.) Physiol. 1890, p. 252. 
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are quite minimal. It is consequently very difficult, if indeed possible, — 
to exclude influences produced by circulatory changes. One reason why 
the recorded results are so small is probably because the air driven out 
of the bronchi during contraction need not necessarily lead to a rise of 
intrapulmonary pressure of any measurable extent, but may simply 
distend the alveoli and thus escape recognition. It is suggestive in this 
respect that all observers failed to obtain a rise if, at the start, the lung 
was moderately distended, for we know that the pressure difference 
required to start the distension of a collapsed lung is much higher than 
that required for an already distended lung. 

_ We must therefore conclude that a satisfactory method of demon- 
strating the variations in calibre of these small tubes must be dynamical, 
and one by which we can investigate the amount of air passing through 
the tubes or demonstrate a variation in the resistance offered by them. 
One of the first to realise this was MacGillavry', who pointed out 
that a contraction of the bronchioles in a.collapsed lung could only 
produce a minute diminution of volume, and that the resulting rise of 
pressure, which is the factor measured in those cases in which the 
problem is studied statically, must of necessity be still less) The 
ingenious method he employed was to displace air from a large reservoir 
at a constant rate into the lung. The lung was well pricked over its 
surface to allow an escape of the air through the alveolar walls and the 
lateral tracheal pressure was then measured. He found that in one 
experiment the pressure rose from 70 to 100 mm. of water on exciting 
the left vagus, and from 70 to 85 mm. on exciting the right. He thus 
obtained quite conclusive evidence of the existence of broncho-constrictor 
fibres in the vagus,,but stated that he always recorded better results 
with the left vagus than with the right, a difference he ascribes to a 
greater number of fibres in the left than in the right. We think it 
more probable however that the difference is due to his method of 
experimenting. A freer exit from the alveoli of the left lung for 
instance would satisfactorily explain the differences he observed. 
Unfortunately his method can only be applied satisfactorily to a recently 
killed animal, for when experimenting upon living curarised animals his 
results were by no means so decisive and the bleeding produced by the 
pricking materially obscured the interpretations to be placed upon the 
results, 

Riegel and Edinger* give a good historical account of the previous 


1T.H.MacGillavry. Arch. Néerlandaises des Sciences, xn. p. 445. 1877. 
* Riegel and Edinger. Ztschr. klin. Med. v. p. 418, 1882. 
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work upon the subject. Their paper is especially valuable in that they 
record confirmatory experiments performed with the object of testing 
previous work. Thus they repeated and confirmed Donders and 
Gerlach, and confirmed MacGillavry, though they did not obtain quite 
so large a rise in pressure as he had obtained. They conclude therefore 
that there is no question that the vagi innervate the bronchial muscles, 
and the rest of their paper deals with the consideration whether the 
spasm of the bronchioles which can thus be obtained is sufficient, in 
itself alone, to explain all the symptoms observed in spasmodic asthma. 

Roy and Graham Brown! investigated the subject by a totally 
different -method, viz., by introducing a narrow glass tube into the 
trachea of a dog and passing it down until it reached about the middle 
of the lower lobe of the lung. The bronchial end of this tube was 


closed by a small oblong bladder of animal membrane, which was — 


distended to fill the small bronchus, and the movements of the bladder 
were then recorded by an oncograph. The curves they obtained they 
describe as complex, but as the method only deals with rather large 
bronchi we need not describe them fully here. It is sufficient for our 
purpose to state that positive effects on vagus excitation were obtained, 


that atropine caused complete paralysis of the vagal endings, and that — 


tonus was usually present, dilatation following section of the vagus. 
Franck* has studied the effect of cortical excitation upon the 
bronchial muscles, his method consisting in recording the-extent of the 
chest movements during artificial respiration in the curarised animal. 
He obtained constriction, abolished by section of the two vagi, on 
stimulating parts of the motor areas of the cortex. The figure he 


gives shows only a slight change, however, not sufficiently decisive to 


place the conclusion he draws from it beyond question. 

Chauveau® states that in the horse the bronchioles show some 
tonus which disappears on section of the vagus, for he found that if 
the vagus be cut on one side the vesicular murmur on that side 
disappears and is weakened on the opposite side. 

The method adopted by Lazarus‘ was to distend the lung from a 
small cylinder, into which water was run at a fixed rate, and record the 
rate of rise of pressure and the total rise; similarly expiration was 


effected by running water from a second cylinder into which the lungs 


1 Roy and Brown. Proc. Physiol. Soc. p. xxi. This Journal, vr. 1885. 
2 Franck. Fonctions motrices du cerveau, Paris, 1887, p. 145. 

Chauveau. Semaine med. 1889, p. 117. 

‘J. Lazarus. Arch. f. (Anat, u.) Physiol. 1891, p. 19. 
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were silenced to empty and recording the rate of fall of pressure. The 

figures given by Lazarus show changes very slight in amount and 

therefore open to the objection that they may be to a large extent of 

_ vascular origin. He experimented upon curarised rabbits, and obtained 

positive results on vagal excitation. 

_ Unquestionably the most important work upon the subject that has 

hitherto appeared is that of Einthoven', who attacked the problem by 

a totally different method. The experiments were conducted upon 

curarised and morphinised dogs, in which the distension of the lungs 

was effected rhythmically by injecting air from a syringe of moderate 

size into the trachea. The syringe was connected by a short length of 

tubing to the trachea so that the air space from the syringe down to 

the small bronchioles was practically only that of the upper air 

passages. It was worked rhythmically, and for a short time at the 

height of each distension the trachea was connected to a mercury 

manometer, which thus recorded the maximum pressure attained. 

A hindrance to the entrance of air into the alveoli means more air 
Fi retained in the trachea and therefore a higher maximum pressure. By 
ef this method Einthoven was able to trace the course of the contraction 
| with considerable accuracy, and if there is any criticism to be made of 
the excellent results he records it is that the method gives us no 
indication of the state of distension of the lung. He also gives one 
, experiment in which the movements of the thorax were studied, and in 
that way shows how the movements of the lungs are limited by 
excitation of the vagi. The experiment thus recorded agrees in its 

general form very much with our tracing Fig. 11, p. 123. 

In ‘the same year Beer* published a long series of experiments in 
which the question of the action of the vagus was tested by many 
methods. In all cases he obtained evidence of the existence of 
broncho-constrictor fibres. We need not enter into a full discussion 
of his results, it is sufficient for our purpose to record the methods 
adopted. These were: (1) to record the intrapulmonary pressure in a 

_ curarised animal ; in these, better results were obtained when the thorax 

 ~was intact than after it had been opened. (2) 'To record the full 
variations of the lateral tracheal pressure in curarised animals in which 
artificial respiration was regularly maintained. (3) To record the rise 
in tracheal pressure (Expirationsstoss) produced by the emptying of the 
lungs into a box with a relatively large opening to the external air. 

Einthoven. Pfliiger’s Archiv, u1. p. 367. 1892. 

 . * Beer. Arch. f. (Anat. u.) Physiol, 1892, Suppl. p. 101 
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(4) To record the movements of the diaphragm in curarised animals. 


In these experiments, when carried out during an interval when the 
artificial respiration was stopped, Beer observed a movement downwards 
of the diaphragm, which he explains as being caused by. the distension 
of the alveoli by some of the air driven out from the bronchioles. On 
the other hand when recording the diaphragm movements while 
artificial respiration was still continued, he observed diminution in 
the extent of the movements and a permanent ae in expiration, 
— distension of the alveoli. 


ii. Our own experiments. 


during each respiration. 


The results we give are those which we consider the most ‘aii. 
Great care was taken that the lobe experimented upon was uninjured, 
and that it moved quite freely in the oncometer. As showing certain 
differences we give tracings taken from the dog, rabbit and cat 
respectively. In all cases the aortic oe was a 
recorded. 

Fig. 10 is from the lower lobe of the right lung of a ‘small dog. 
The upper tracing is that of the tracheal pressure, the middle, the 
volumetric record of the lobe, and the lower is the aortic pressure. At 
the time indicated by the signal the right vagus was excited. The 
effect upon the blood-pressure is typical. The effect upon the lung 
volume is a very marked diminution in amplitude of the air-waves 
commencing at once and quickly attaining a maximum. The effect 
passes off slowly after cessation of excitation. The extent of the 
change is shown by the following figures. The height of the air-waves 
at a, before excitation, is 51mm. The heights of the four waves 
immediately following the commencement of the excitation are 48, 45, 
42 and 36mm. respectively. At 6, the height is 22.mmi., at c, 37, and 
later, 44mm. At the height of the constriction, therefore, only about 
two-fifths of the quantity of air enters, as compared to the stage before 
excitation. The maximum constriction occurs at the fourteenth inflation. — 
Comparing this with the record of the lateral tracheal pressure, we see 
that this rises quickly and attains its maximum at the eighth inflation. 
It then remains up during the excitation and falls gradually as the 
constriction passes off. This tracing indicates maximum pressures of 
114 mm, of water at a, 192 at b, 159 at c, and 156 later. There is thus 


2 + 
4 
¥ 
ory 
= 
by 
i 
3 
~ 
Ng 
43 
q 
4 
q 
i 
q 
3 


BRONCHIAL MUSCLES. 123 


a distinct difference in time between the positions of the two maxima 
of constriction, as judged by the volume change on the one hand, or the 
pressure change on the other. It is difficult to say which gives the 
course of the bronchial contraction most accurately. A point against 
the lung volume record in this respect is, that the lung does not 
immediately come to a position of equilibrium for a sudden change in 
the conditions of inflation, but takes some three or four respirations to 
do so, (See Fig. 2 ata.) This delay is very little marked if the lung 


| Fig. 10. Dog killed by pithing. Excitation of vagus; coil at Gems. Reduced 4. 
Fig. il. Rabbit killed by pithing. Stimulation of vagus; coil at 6cms. Reduced }. 


is being fully distended, but becomes more and more so the greater the 
collapse. For this reason we must not consider the volume changes as — 
necessarily accurately indicating the relative amounts of constriction at 
different times. The volume change at once shows any change in 
calibre of the bronchioles and gives a direct measure of the effect of 
that change upon the lung. For the study of the course of the 
constriction, its amount and time relations, the pressure curve is 
possibly a nearer approximation than the lung volume curve. In this 
tracing recovery is at first quick, then slow, but never quite complete: 
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this is a very common phenomenon and apparently an important feature 
of the physical properties of the lung. It is seen here on both volume 
and pressure tracings. If in such a state the lung be distended rather 
more forcibly for two or three inflations, and then the respiration be 
continued exactly the same as before, it will return with very consider- 
able accuracy to its original state. The lung therefore behaves in this 
respect in exactly the same way as imperfectly elastic bodies, showing 
a higher degree of extension if it be brought down from a high tension 
to a moderate one, and a lower degree of extension if brought up from 
a lower to the same moderate tension. 

The lower limiting line at first falls and only later rises. In ass of 
this fall the two limiting lines approach one another as we have already 
seen, and it is the approximation of the two lines—z.¢., the diminution 
in amplitude—which is the sign of bronchial constriction and not the 
change in direction of the two lines. This fall in the lower line is due 
to a decrease in blood-volume, a change which is discussed on p. 134. 

We may now pass on to an examination of the similar effects 
observed in the rabbit. A typical tracing is given in Fig. 11, which we 
see is practically the same result as that just discussed, though the 
commencement of the change is a little different, This is seen from the 
measurements of the heights of the air-waves. Before stimulation these 
are 33 mm., while those at the commencement of excitation are 36, 32, 
29, 22, 19, 16, 15, and 14 mm. At this last point the minimum is 


reached. The important difference is that the first effect is an increase — 


in height, which is accompanied by a sharp fall in the lower limiting 
line, a fall which is of vascular origin. Either, therefore, there is a 
preliminary transient bronchial dilatation, or the lobe is more distensible. 
That the latter is the true explanation was proved, for this animal, by 
stimulating the vagus immediately after the animal had been bled to 


death, when the preliminary increase was absent. The result therefore — 


suggests that the empty condition of the ) pulmonary capillaries renders 
the lobe more ‘distensible, a conclusion which we later show to be the 
correct one (vide p. 135). The only other notable difference between 
this and the preceding Figure is the rapid and more complete recovery. 


In the third animal, the cat, the results obtained differ materially 


from those just described in the dog and rabbit, as is seen from Fig, 12. 
Here again the three tracings represent tracheal pressure, lung volume 
and aortic pressure. During the time indicated by the signal the right 
vagus was excited with weak induction shocks. The first effect is a 
slight diminution in amplitude, immediately followed by recovery to 
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exactly the same height as before, and this continues during the whole 
- duration of the stimulus; but 10 seconds after it had ceased a marked 


Fig. 12. Cat killed by pithing. Stimulation of vagus; coil at 10 cms. 

Zero B.P. 17 mm. below abscissa line. ; 
constriction commenced, attained its maximum 10 seconds later, and 
then gradually disappeared. The tracheal pressure shows analogous 
changes, though the artificial respiration was not arranged for showing 
them in a pronounced manner. The final relaxation is particularly — 
slow in this instance, but commonly it is more complete - rather 
quicker. 

Such a response as that figured at once suggests that + we are here 
dealing with two simultaneous effects, the one tending to produce 
constriction, the other relaxation, i.e. that in the vagus there are . 
broncho-dilator fibres as well as broncho-constrictor. The different 
response in the cat would then imply that the dilator fibres are 
especially developed in this animal. Although this figure shows the usual 
reaction obtained when experimenting upon the cat, yet we have 
observed many variations. A very rare effect is that recorded in Fig. 
13, which we see differs in no essential particular from the results 
typically obtained in the dog and rabbit. The constriction had become 
practically complete when the excitation was stopped. It is interesting 
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too to note that in this case the cardiac inhibition is much more 
pronounced than is usual in this animal, We have at different times 
observed practically all intermediate stages between these two extremes. 
Thus, the initial constriction may be more prolonged, but the chief 


Fig. 18. Cat. Pithed. Stimulation of vagus; coil at 6 ems, 
Zero B.P. 24 mm. below abscissa. 


Fig. 14. Cat. Ether. Stimulation of vagus; coil at 10cms. 
_ Zero B,P. 48 mm, below abscissa line. Reduced }. 


variations were found in the constriction which follows the cessation of 
the stimulus, This may commence a little earlier and be more marked, 
but the effect is generally in the reverse direction. As examples of the 
more commonly observed variations we give the following four figures. 
In the first of these (Fig, 14) a rapid constriction is produced, which 
quickly recovers although the stimulation continues, and there is no 
constriction after the cessation of the stimulus. In Fig. 15 the first 
effect of the prolonged stimulus is a relaxation, followed by a constriction, 

but again, the main constrictor effect is observed after cessation of the 
stimulus. This experiment is of further interest because the animal 
had, at some time, suffered from a severe attack of pleurisy on the right 
side and the lobe experimented upon was firmly adherent to the outer 
pleura, so that considerable difficulty was experienced in separating it 


x 
‘ 4 
vas 
a 
% 
- 
if 
~ 
$3 
‘ 
it 
4 
a 
he 
» f 
ij 
| 
Cae 
> 


BRONCHIAL MUSCLES. 127 


from the chest wall. The lobe was markedly emphysematous and it is 
seen from the tracing that retraction was very imperfect. Two further 
tracings taken from this same animal are given as they illustrate other 
points. In Fig. 16 very considerable distension is produced, which 
begins about 5 seconds after the stimulus was started. In this 


Fig. 15. Cat. A.C.E. Stimulation of right vagus; coil at 8ems. Reduced }. 


experiment the pressure of distension was kept very low and the time 
allowed for expiration was shortened. The tracing of Fig. 17 was 
obtained from the same animal about 1 minute later. The- force of 
inflation had been slightly increased, but the time allowed for expiration 
remained the same as before. At a, the artificial respiration was 
stopped for a short time, in order to record the amount of residual 
distension of the lobe, which is seen to be very considerable, The 
vagus was now excited, and at once the amplitude falls and further 
over-distension is produced, It is interesting to note that the instant at 
which excitation ceased is marked on the volume record by a sudden 
diminution in amplitude of the air-waves, which shortly after are cut 
out completely, About 2 minutes later the air movements returned 
spontaneously. The experiment therefore has an important bearing 
upon the pathology of asthma, for it is one in which we were able to 
observe the changes in the air movements when the bronchioles 
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Fig. 16. Cat. A.C.E. Respiration effected by the method described on p. 148. Stimu- 
lation of vagus; coil at 8coms. Pressure of inflation 88mm. of water. Zero B.P. 
388 mm. below abscissa line. Reduced 4. 


Fig. 17. Same animal as in Fig. 16. The artificial respiration effected by a rather 
greater pressure of air (50 mm. of water). Zero B.P. 20 mm. below abscissa line. x }. 
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constricted in an emphysematous lobe.’ Before enclosing the lobe: in 
the oncometer it was watched and noted to expand very easily but to 
retract slowly and incompletely. In appearance the lobe was much 
paler than the upper part of the lung, which was apparently normal. 
The alveoli were very large. The tracing exemplifies the abnormal 
physical state of the lobe very completely. Its distensibility was if 
anything rather increased but its elasticity was very imperfect. Lastly, 
the time required by the lobe to empty itself was much greater than in 
the case of a normal one. : 


_ Experiments upon partially collapsed lobes show certain differences 
from those already described. Fig. 18 gives one of the commonest 
results we have observed in the cat, and it resembles in the main 


iif 


Fig. 18. Cat. A.C.E. Stimulation of vagus; coil at 7 cms. 
Zero B.P. 73mm. below abscissa line. Reduced }. 


the usual result obtained in this animal, shown in Fig. 12. A short 
constriction marks the commencement of excitation; but the air move- 
ments are unaltered during the main period of excitation, and the 
main constriction developes during the 70 seconds after the stimulation 
was stopped. It results in almost complete blockage of the air move- 
ments. The alterations in the lower limiting line seen in this figure 
are usually present and though of a degree which’ might readily be 
caused by blood-volume changes, we do’ not think this is the true 
explanation here, for the aortic pressure remains practically unaltered. 
They are air-volume changes due, probably, to changes in the distensi- 
bility of the alveoli caused by variations in the amount of blood in 
PH. XXIX. 9 
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the pulmonary capillaries. Just before the air-waves are cut out, a 
few marked waves are seen in the limiting lines, These are not 
interference waves, for their amplitude is too great in comparison to 
the volume-pulse, nor does the crest on the one line correspond to 
the trough on the other. For this latter reason they cannot be tonus 
waves and must therefore be variations in the quantity of air retained 
at’ the end of expiration, due apparently to slight changes in the ease 
with. which the lobe empties itself in expiration, for the fall of the 
line as the waves descend on the limiting lines is greater than in the 


ascending portions. The explanation of this variation in rate of 


emptying is not easy to understand, and a further instance of it is 
seen in the over-distension produced when the constriction finally 
cuts out the air-waves. They may possibly be due to variations in 
inflation of different sets of alveoli. A lobe which has completely 
collapsed in this way usually remains so, although the bronchial 
constriction may have passed off. A few inflations, of sufficient force 
to slightly distend it, are enough to cause a return to the original 
state if the bronchial constriction has passed off, but if this has not 
disappeared they simply produce distension. As in the previous case 
(Fig. 12) the absence of constriction during excitation is to be explained 
by the simultaneous excitation of the broncho-dilators. 

In Figs, 19 and 20 various modifications of the results obtained 
in this group of experiments are given. Fig. 19 is an instance showing 


Fig. 19. Cat. Ether. Stimulation of vagus; coil at 8 cms. 
Zero B.P, 15 mm. below abscissa line, Reduced }. 


slow onset, mainly occurring after excitation had ceased, and followed 
by spontaneous recovery. In Fig. 20 one other condition is illustrated, 
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viz. distension, and the course of the constriction is very irregular 
and in waves. As these occur the lobe becomes more and more 
disténded, the alveoli experiencing considerable difficulty in emptying 
themselves. The condition lasts a long time after the excitation has 


Fig. 20. Cae Urethane. Curare. Stimulation of right vagus ; coil at 7 oms. , 
Zero B.P. 24 mm. below abscissa line. Reduced 4. 


ud and finally as the distension gradually falls spontaneous recovery 
occurs, The question as to whether or no distension is produced is 
largely determined by the way in which artificial respiration is effected. 
If this is rapid and produces fair dilatation of the lobe while the 
time allowed for expiration is short, distension is commonly produced. 
Up to a certain point the greater the contraction of the bronchioles 
the more readily it occurs, but if the constriction is very marked, 
quick in onset and prevents the entrance of air almost completely, it 
is not — 


C. ‘The negative rents and their 


our seston experiments we always worked upon 
lobes, and in these we usually. obtained positive results following 
excitation of the vagus. When later we began to record the full air 
volume changes of the lobe, we were surprised to find that the excita- 
tion now usually gave poor and transitory effects, and that after the 
first excitation commonly no results whatever were obtained. Working 
under exactly the same conditions we at times obtained quite typical 
results, We never obtained completely negative results on the first 
excitation, but effects such as that shown in Fig. 21 were extremely 

9-2 
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common. It seemed to us that the cause might lie in one or more 
of the following, viz., (1) that the method was not sufficiently sensitive ; 
(2) that there were broncho-dilator fibres present with the constrictor 


Fig. 21. Cat. A.C.E. Stimulation of right vagus; coil at 5 cms. 
Zero B.P. 21 mm. below abscissa line. Reduced 4. 


fibres in the vagus; (3) that faradic stimulation was not the best for 
the purpose; (4) that the cat, the animal which usually gave the 
negative results, only possessed few constrictor fibres in the vagus; 
(5) that it was due to the anesthetic employed. We may at once 
dismiss the first of these, for we now have plenty of evidence that 
the method is as sensitive as could be desired. With regard to the 
second we were soon able to demonstrate the existence of broncho- 
dilator fibres, and for a long time thought this was the full explanation 
of .our negative results. Our experiments upon the third possibility 
tended to confirm us in this, for having noted how frequently slight 
positive effects were obtained at the commencement and end of exci- 
tation, we tried the effect of repeated short periods of excitation with 
short intervals of rest. In a great number of instances this was found 
to be much more effective, but still the number of negative results 
was very unsatisfactory. We eliminated the possibility of their being 
due to local fatigue or to the local action of the anesthetic, as a freshly 


_ exposed piece of nerve, thoroughly protected from any possibility of 


injury, gave the same negative results on excitation. We experimented 
with mechanical, thermal, and chemical stimuli, again with negative 
results. We also employed induction shocks in which the make and — 
break shocks were equalised. The Helmholtz and Bernstein modifica- 
tions gave no different effects, as was also the case when we used the 
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house-current working through an incandescent lamp, which as has 
been pointed out by Locke!’ equalises the make and break shocks 
very efficiently. We tried further the effect of stimulating by single 
induction shocks repeated at one second and at two seconds interval, 
but again with negative results. The action of constant currents 
applied in various ways was equally ineffective. We therefore con- 
cluded that excitation in the ordinary manner was on the whole the 
best. The fourth suggestion mentioned above is important. Negative 
results were far commoner with the cat than with either the dog or the 
rabbit, a result which can be readily understood from a comparison of 
the three typical figures already given (Figs. 10, 11, and 12). 

Unfortunately most of our work was completed before we directly 
tested the influence of the anzsthetic. To avoid all use of anzsthetic 
the animal was pithed, the medulla and brain only being destroyed. A 
tracheal cannula was then inserted and artificial respiration started. 
The operation was then carried out as usual. In these experiments we 
always obtained good positive effects, no matter how frequently the 
vagus was excited. In some experiments the nerve was stimulated as 
many as thirty times and with as good a result at the last excitation as 
at the first. It is from experiments of this kind that we are able to 
state that the usual type of reaction yielded by the cat’s lung differs 
from that given by the rabbit or dog. The action of the anzsthetic is 
a peripheral one and probably at the nerve terminal in the bronchioles. 
Here the fibrils are exposed to the direct action of the volatile anzs- 
thetic, and they are quickly affected by it. Still it is difficult to 
understand why the first excitation should cause, as it does, so much 
better contraction than any of the succeeding ones, although in many 
experiments we allowed ample time for recovery to take place. We 
think that the explanation of the negative effects being‘so much less 
common when experimenting upon partially collapsed lobes, is that in 
these the movement of air through the bronchioles was much less, the 
supply of anesthetic was thus less frequently renewed, and the nave 
endings consequently less exposed to its action. 

We may here state that we have tested the branches leaving the. 


ganglion stellatum for broncho-motor fibres with completely negative 
results. 


1 Locke. Proc. Physiol. Soc. p. xvii. This Journal, xxvim. 1902. 
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i Some other effects ocourring with the excitation 
| of the vagus. 


As already pointed out, the first stage of the vagus effect is often, 
especially in the rabbit, accompanied by a marked fall in the lower 


- limiting line, which as we have seen is caused by vascular changes 


simultaneously induced by the excitation. In the present paper we 
do not propose to discuss fully the effects upon the air movements 
caused by vascular changes, and in what follows only refer to changes 
of such magnitude that they might interfere with the proper inter- 
pretation to be placed upon the recorded effects. 

An instance of such a case has already been given in Fig. 11, p. 128, 
and a further example is given at A, Fig, 22. The second half of this 
figure (B) was obtained in the following manner. After recovery from 


A B.. 


Fig. 22, Rabbit, pithed. Stimulation of vagus; coil at 10ems, The first stimulation 


stopped, Reduced}. 


the first excitation the artificial was for a time, 
when the lobe collapsed considerably, the vagus was then excited a 
second time (at a). A second sharp fall in the tracing occurs, which 
is therefore due to a diminution in the blood cdntent of the lobe, and 
there is a partial recovery as the inhibition passes off, and the blood- 
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pressure once more rises. Though the marked fall seen in the first of 
these two reactions is therefore partly a blood-volume diminution, the 
second reaction clearly indicates that this explanation only accounts for 
a part of the effect. That the whole effect is in fact due to a change 
in the blood distribution was proved in the following way upon the 
same animal. A control excitation was first recorded and the animal 
was then bled to death. When the blood ceased to flow the ventricles 
were cut across to make certain that no alteration in the amount of 
blood in the lobe was possible. The vagus was now excited and the 
reaction given in Fig. 23 was recorded. The result is as typical, as 
regards the air changes, as before, but differs from the preceding effects 
in that the lower limiting line begins to rise at once. We have another 
proof in the behaviour of the lobe in experiments in which the cardio- 
inhibitory fibres have degenerated. We found that. the broncho- 
constrictor fibres were still excitable and the reaction was similar to 
one obtained upon the bloodless Jung. Similarly too the initial ‘fall 
in volume is absent if the vagus be excited while the vessels to the 
lobe are temporarily ligatured. Attempts to exclude the cardio- 
inhibitory influence by administration of atropine proved as ineffective 
in our hands as in Einthoven’s' or Beer’s*, for we invariably 
found that the minimum dose of atropine sufficient to cut out the vagal 
action on the heart also abolished every effect upon the bronchial 
muscles. Beer* overcame the difficulty of separating the cardio- 
inhibitory. effects from the broncho-constrictor by the employment of 
muscarine. As is well known‘ a stage in muscarine poisoning occurs 
in which cardiac inhibition is present, but no further slowing occurs on 
exciting the vagus. Working upon animals in which this condition was 
present, Beer states that he was able to obtain typical broncho-con- 
strictor effects without a simultaneous vascular change as evidenced by 
absence of change in the aortic blood-pressure. 

The effect we are dealing with is therefore due to the altered 
distribution ‘of -the blood, but Fig. 22 tends to show that the full 
volume change is a decrease partly in blood, partly in air. How then 
are we to explain the air diminution as consequent to a blood change ? 
As it is due to a decrease in the amount of blood in the lobe, the 
explanation probably is that the empty state of the pulmonary 
capillaries enables the alveoli to contract more completely. The 
1 Einthoven. loc. cit. p. 428. 


* Beer. loc. cit. p, 128. * Beer. - loc. cit, p. 150. 
* Weinzweig. Arch. f. (Anat. u.) Physiol. 1882, p. 527, 
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erectile action of the capillaries has diminished, and we are in fact 
dealing with a change in the condition which v. Basch’ has termed 
‘Lungenstarrheit.’ This change in distensibility* together with a 
diminution in the blood-volume of the lobe therefore explains the 
sudden decrease in volume of the lobe occurring at the commencement 
of excitation of the vagus. It is not always present and is usually far 
better marked in the rabbit than in either the dog or the cat. In the 


| latter it is commonly absent or but very slightly marked’, a result which 


Fig. 23. Gases weet os iw Fie. 22 rendered bloodless by opening the carotid and 
excising the heart. Stimulation of vagus; coil at 10 cms. Reduced 4. 


Fig. 24. Dog, pithed. Stimulation of left (opposite) vagus ; coil at 8 ems. 


agrees with the commonly observed slight action of the vagus on the 
heart. The effect is, as was to be expected, more marked the higher 
the ratio of the volume-pulse to the air volume. It is of considerable 

1 y, Basch. Wien. med. Blatt. 1867, p. 465, alec Wien, med. Prose. xx12. 
p. 587. 1888, 


The question of distensibility wil be diseused by us more fll in later paper 
3 See, however, Fig. 18. 
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value to note that stimulation of the vagus leads to a fall. in blood 
content of the lung. This means either that the output from the left 
ventricle is greater than that from the right, and therefore that the left 
ventricle is less inhibited than the right, or that the lung empties itself 
into the left auricle, which thus becomes over-distended. The reaction 
is the same on stimulation of either the right or left vagus. Compare 
in this connection Fig. 24, which records the effect on the right _ 
of excitation of the left vagus. 

Another point, arising from the effect of excitation of the vagus, is 
the influence of the rise of tracheal pressure, produced in some instances 
by our method of experimenting, upon the remaining lobes of the lung. 
It appeared possible that the lobe experimented upon, ‘being placed 
under very dissimilar conditions from the rest of the lungs, might react 
differently, and that therefore many of the negative results we have 
previously described and explained might have been due to this cause. — 
A bronchial constriction may cause a rise in tracheal pressure under the 
conditions of our experiments, and this rise will tend to diminish the 
effect upon the amplitude of the air-waves. It must also produce a 
greater distension of those lobes not involved in the bronchial con- 
striction, which is in fact seen to be the case in Fig. 24, This tracing 
gives a record of the tracheal pressure, volume changes of a lobe of the 
right lung, and the aortic pressure curve in a dog. At the time 
indicated by the signal the left (opposite) vagus was excited. This 
caused a constriction of the bronchioles of the left lung as indicated by 
the rise in tracheal pressure. This rise in pressure caused an. increase 
in the amplitude of the air-waves of the record of the right lobe. The 
maximum tracheal pressure per inflation rose from 144 mm. before to a 
maximum of 171 mm. of water during the excitation. The increase in 
the amplitude of the air-waves is from 41 mm. to a maximum of 54 mm. 
The rise in tracheal pressure and the air volume changes both occur 
gradually and the maxima coincide in point of time. The increase in 
amplitude of the air-waves is however proportionately greater than the 
increase in pressure. Within certain limits we have seen that the 
amount of distension of the lobe fairly accurately follows the increase 
in tracheal pressure, in direct proportion. If this were the case in this 
experiment the amplitude of the air-waves should only have increased 
to 48°5 mm., whereas actually they increased to 54mm. The explanation 
of this further increase is that, as already noted, the extensibility of the 
lobe is greater because the cardiac inhibition has partially emptied its 
capillaries, In this figure we may also draw attention to the fact that 


¥ 
¢ 
x 
= 
4 
a 
4 
ay 
* 
ed 
‘2 
x 
ty 
{ 
k 
a 
ag 
An 
* > 


W. E. DIXON AND T. G. BRODIE. 


excitation of the left vagus has produced a fall in volume of the 
lung. 

This experiment is also of service as tending to show that no 
constrictor fibres for the right lung ran in the left vagus. It is 
however possible that some of the increase of distension of the right 
lung might have been due to the excitation of dilator fibres for the 
right lung in the left vagus. This is not probable, for we have much 
evidence to show that in a resting state the bronchioles are completely 
relaxed. We have, moreover, proved that no crossing of the fibres 
occurs in the thorax, by first plugging the left bronchus with vaselined 
cotton-wool and then exciting the left vagus. The blood change alone, 
te. decrease in volume and proportionate increase in distensibility, is 
now — in the right lung. 


iv. Does the vagus exert a tonic effect upon the 
bronchial muscles? 


We have already mentioned (p. 120) the observations of Chauveau 
and of Roy and Brown on this point. Einthoven' was unable 
to observe any dilatation of the bronchioles on section of the vagi 
in the dog, unless some tone had been accidentally or artificially 
induced at some previous time in the experiment. In the dog, cat, and 
rabbit we have never observed dilatation nor constriction on section of 
the vagus at the commencement of an experiment. We have however 
recorded ‘dilatation following section in animals which have been 
previously injected with small doses of muscarine or pilocarpine. The 


dilatation in these rare cases has never been very great and could quite 
_ well be explained as due to excitation of the dilator fibres by the section 


of the nerve. We have also observed dilatation in animals which have 
been previously receiving large doses of carbonic acid. This dilatation 
is often very marked, and as will be shown later (see p. 167) is due to the 
cutting off of impulses from the centre in the medulla. 


SEcTION 6. BRONCHO-DILATOR NERVE-FIBRES. 


Whether dilator fibres are supplied to the bronchial muscles has 
been studied by many previous workers. Thus Sandmann? comes to 
the conclusion that such fibres are present in the vagus, but the figures 
he gives are far from conclusive, especially as he has not properly 


Einthoven, loc, cit. p. 411. Sandmann. loc. cit. 
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eliminated the effects of vascular changes. Roy and Brown! describe 
dilator fibres as being present with the constrictor in the vagus, They 
rely mainly upon reflex dilatation of the bronchioles, but give no 
evidence to show how they eliminated the possibility, that the result 
was due to an inhibition of the tonus maintained by the medullary 
centre, for in their method of experimenting tonus is always present. 
It must be remembered too, that their experiments refer to bronchi of 
some considerable size. Einthoven?* comes definitely to the conclusion, 
that there is no evidence in favour of the existence of dilator fibres 
which cannot be better explained upon other grounds. In this con- 
clusion he is confirmed by Beer*, who however in an addendum‘ to his 
paper states that in two experiments upon animals previously treated 
with muscarine he observed increase in the araplitude of the phreno- 
graphic curve following excitation of the vagus. His records show a 
small but definite increase which gradually dies away after stimulation 
ceases. He suggests that possibly this may mean a broncho-dilatation, 
although he does not commit himself so far as to regard the result as 
evidence of the existence of broncho-dilators. 

Our attention was drawn early to the possibility of the presence of 
dilator fibres in the vagus by the irregularity of the reaction of the 
bronchioles, when the vagus was excited in the cat. It was useless 
attempting to prove their existence by trying to find a form of stimulus 
_ that would leave the constrictor fibres unexcited, because the bronchial 
muscles when at rest show no tonus. In our first attempts we therefore 
threw the muscles into tonic contraction and then excited the vagus 
in the ordinary manner. We induced the tonic contraction of the 
bronchioles by injections of muscarine or of pilocarpine, and at once 
obtained positive evidence of the presence of dilator fibres, as will be 
seen from Fig. 25. Excitation of the vagus is here seen to produce a 
big effect upon the volume record of the lobe, which begins to increase 
_ in amplitude after a short latency, quickly attains a maximum at which 
it persists while the stimulation lasts, and dies away after its cessation. 
A reaction of such magnitude as this can only be due to the one cause, 
namely, a relaxation of the bronchial muscles. This conclusion is 
strengthened by the record of the tracheal pressure, the maximum 
height of which per inflation is seen to fall as the lung record increases 
and to rise as the lung again diminishes. It is moat striking to — 

1 Roy and Brown. loc. cit. p, xxiii. 


Einthoven. loc. cit. p. 417. 
* Beer. loc. cit. p. 183. 4 Beer. loc. cit. p. 208, 
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the quick recovery of the whole lung which previously may have been 
alniost quiescent. The reaction may be repeated an indefinite number 
of times. The fibres are not easily fatigued and the lung may be kept 
‘relaxed for a considerable time by continuing the excitation of the 


Fig. 25. Cat, pithed. Excitation of right vagus, coil at 4 cms. during the 
bronchial tonus produced by 0-01 grm. pilocarpine. © 


nerve, but as soon as the stimulation is stopped the dilatation quickly 
passes off, and the constriction gradually returns. The’ behaviour 
of these fibres: shows many points of similarity with that of the 
constrictor fibres, more particularly in regard to their sensitiveness 
to anesthetics administered by inhalation. Quite a small dose of ~ 
latter markedly diminishes the effect. 

We have attempted to separate the constrictor from the Wstor 
fibres by the degeneration method. The vagus was cut in the neck and 
the peripheral end excited 4, 7, 14; and 56 days after section. Stimula- 
tion of the vagus 4 days after section gave a typical reaction similar to 
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that of Fig. 12. Pilocarpine caused constriction in the usual way and 
good dilator effects were then obtained. The animal in which the nerve 
had been cut 7 days previously gave less marked results. The con- 
strictor effect was distinctly weaker but the muscles reacted to pilo- 
carpine well and the subsequent dilator effects were nearly as good as 
those obtained from a normal nerve. In the animal in which the nerve 
had been cut 14 days the changes were more pronounced. . The: con- 
strictor effect on vagal excitation was very weak, even though interrupted 
excitations were employed. Pilocarpine still caused a fairly typical 
constriction and the dilator fibres were. apparently well preserved, being 
still nearly as good as in a normal animal. The animal whose vagus 
had been cut 56 days previously gave most interesting results. We 
could not obtain constriction by any mode of excitation of the nerve. 
Pilocarpine produced absolutely no constriction of the lung on the same 
side, although it produced the typical effect upon the opposite (intact) 
side. Excitation of the nerve after the administration was also without 
effect. We therefore conclude from these degeneration experiments 
that the constrictor fibres degenerate somewhat earlier than the dilator, 
and that both take a considerable time to completely degenerate. As 
pilocarpine produced no effect upon the last animal we further conclude 
that the drug acts upon the’ nerve terminals of the constrictor fibres. 
Our results:upon the degeneration of the broncho-constrictor fibres are 
thus somewhat different from those obtained by Bert', who found them 
degenerated in the same time as the cardio-inhibitory fibres, 1.¢, in .4 to 
5 days. He found too that the pulmonary contractility had. entirely 
gone in 2 weeks and that it had not returned after 4 months. 
In considering whether our experiments really prove the existence 
of dilator fibres in the vagus, we have to eliminate the possibility that 
the effect might be due to an inhibition of the stimulating effect of the 
pilocarpine upon the constrictor nerve terminals and not to an action of 
a separate set of nerve-fibres upon the muscles themselves. Also it is 
well known that there are many ganglionic masses scattered along the 
bronchi and it is therefore possible that the inhibition may occur here. 
Our degeneration experiments, however, show that the constrictor fibres 
do not connect with these ganglia. We think, moreover, that the 
magnitude of the effect, and the regularity of its course in successive 
stimulations, are points which prove the existence of dilator fibres. 
This conclusion is greatly strengthened by the behaviour of the animals 


1 Bert. loc. cit, p. 870. 
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in which the vagi had been cut some time previously, for in these, as 
already stated, we succeeded in partially separating the two sets of 
fibres. Again, the form of feaction which is typically presented by the 
cat is one which is difficult to interpret except on the supposition that 
we are here dealing with the simultaneous excitation of two opposing 
sets of nerve-fibres. The question is one to which we hope to return at 
some future period. 

In connection with the question of broncho-dilator fibres some of 
Grossmann’s' experiments with muscarine are of importance. He 
states that the restriction of the air movements in animals treated with 
muscarine, which in his first paper he entirely ascribed to vascular 
changes, may be annulled by stimulating the cardiac accelerators. In 
the tracing Grossmann reproduces (Fig. 7, Pl. vi.) the pressure changes 
in the aorta and pulmonary artery are very slight and had already 
commenced before the excitation was started, but the effect upon the 
respiratory movements was most marked. Before we read his paper we 
had tested the nerves leaving the ganglion stellatum to see whether 
they contained broncho-constrictor or dilator fibres with completely 
negative results. After reading his paper we again returned to those 
experiments, for we thought that the most probable explanation of his 
result, was that some broncho-dilator fibres passed through the ganglion 
stellatum. Our results were again absolutely negative. We were not 
able to confirm his experiments in any of the few instances we repeated 
them. 

_ We conclude that no dilator fibres to the bronchial muscles pass 
the ganglion 


“‘gusitiel 7. REFLEX BRONCHO-MOTOR PHENOMENA. 


Many previous observers have obtained evidence of bronchial con- 
striction following various sensory stimulations. Thus Gerlach’, by 
exciting the central end of the cut vagus or superior laryngeal, obtained 
a rise of tracheal pressure which was abolished by section of the second 
vagus: excitation of the recurrent laryngeal was without effect. Riegel 
and Edinger*® showed that ammonia vapour blown into the lung caused 
constriction and that the effect was abolished by cutting the vagi. 
ney and Brown‘ found that excitation of the central end of one vagus 


1 Grossmann. Ztschr. klin. Med. xm. p. 579. 1887. 
2 Gerlach, We. cit, * Riegel and Edinger. We. cit, 
* Roy and Brown, loc. cit. p. xxiii. | 
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usually caused slight contraction, though at times and especially if the 
animal was etherised it caused a marked expansion. In these latter 
cases stimulation of the uncut vagus usually caused expansion. From 
excitation of the central end of a sensory nerve they very rarely observed 
_ any effect, and if any change occurred it was very slight. Stimulation © 
of the stomach, intestine, pleura, tracheal mucous membrane or nostrils 
also proved ineffective. Franck! obtained positive results on exciting 
the central end of the vagus. The tracing of pleural pressure and of 
the respiratory movements, which he gives, only shows quite small 
changes, and he had not sufficiently excluded vascular alterations to 
enable us to definitely conclude that the effecta were of bronchial origin. 
In a later paper® he describes the production of bronchial spasm follow- 
ing endo-cardial and endo-aortic irritation, but he gives no figures 
illustrating his experiments. Knoll*, moreover, showed that the reflexes 
Franck observed were due to irritation of the pulmonary nerves and 
not of those arising from heart or aorta. Sandmann‘ obtained reflex 
constriction from irritation of the nose, larynx, and even of the cornea, 
but the curves he gives in support of this are not very convincing. 
Lazarus obtained reflexes by stimulating the nasal mucous membrane 
mechanically or electrically ; they were abolished on section of the vagi. 
He found that the most sensitive spots were the nasal septum and the 
turbinals. 

The conclusions re far janpnaeied are all based upon experiments 
in which the method employed was not very sensitive. Vascular 
changes may therefore have played a great part in their production and 
certainly had not been sufficiently eliminated. Einthoven’s* method 
is much more trustworthy, and he describes the reflex results he was 
able to obtain as very inconstantly produced. Stimulation of the 
central end of the vagus gave nothing; of the sciatic usually nothing, 
but in one case he recorded marked constriction and ‘in one other 
marked dilatation. In both these two exceptional cases the effect was 
cut out by dividing the two vagi. In the animal in which dilatation 
occurred he concluded that the result was not due to excitation of 
dilator fibres mts to neraon of a tonic action of the easel centre. 


1 Branck. Fonctions motrices du Cerveau, p. 145, and Arch. de 
p. 544. 1889, 

? Franck. Arch. de Physiol. xx. p. 546. 1890. 

* Knoll. Wien. Sitzungeber. ut. p. 479. 1884. 

Sandmann. loc. cit. Lazarus. loc. cit. 

© Einthoven. loc. cit. pp. 418 and 419, 
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He found that this was the one animal, out of all he éxperimented upon, 
which showed considerable constrictor tone. 

We have in many experiments attempted to obtain reflex con- 
striction or dilatation of the bronchioles by stimulating afferent nerves, — 
but while the direct excitation of the vagus gives very constant results 
reflex excitation is disappointingly irregular. The most important 
nerves we have stimulated for this purpose are. the sciatic, the vagus, 
the laryngeal branches of the vagus, and the nasal branches of the fifth 
cranial nerve. In studying’ these reflexes we have ‘found it of the | 
utmost importance to avoid the use of chloroform or ether as the 
anesthetic. The experiments must therefore either be performed upon 
unanesthetised animals, upon animals anzsthetised with morphia, or 
upon decerebrate animals. Our experiments were’ usually conducted 


under ‘one of the two latter conditions, but in a few instances were 


repeated upon animals lightly anwsthetised with chloroform. | 
- In no instance have we obtained any effect by exciting the central 
end of the sciatic in a curarised animal, but the experiments are not 
numerous. 

Stimulation of the central end of the vagus divided about the 
middle of the neck also produced no change, a result which confirms 
Einthoven’s experiments of a similar character, In one instance 
however, we observed a slight but distinct dilatation (Fig. 26.) This 
result would seem to indicate the presence of some tonus in the 


Fig. 26. Cat. A.C.E. Tie and cut right vagus. 


bronchial muscles, a condition which may have existed here, for we had 
just previously excited the opposite vagus in its continuity in the neck. 
There is one other possible explanation of the result, which we thiak to 
be the more probable one. Although omitted from the tracing the 
excitation caused a marked fall in blood-pressure. This leads, as we 
have already seen, to an increase in distensibility of the alveoli by the 
emptying of the pulmonary capillaries and can well account for the 
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small increase in amplitude of the tracing recorded. Excitation of the 
superior —— has in the three instances we have tried it given no 
result. 

The most reflexes we are the nasal 
mucous membrane. Excitation of this either electrically, mechanically, 
_ or chemically usually produces some degree of constriction, which, as a 
rule, comes on very gradually (Fig. 27) and is very persistent. In the 


Fig. 27. Cat, decerebrate. Between the two signals the left nostril was 
mechanically excited. Zero B.P. 32 mm. below the abscissa line. Reduced nearly 3. 


instance given the stimulus was mechanical, but we found that in most 
cases chemical excitation gave the best results. A most effective stimulus 
for this purpose is bromine vapour blown in a diluted form over the 
vasal mucous membrane. It, however, has the great disadvantage that 
the stimulation cannot be repeated, for the first administration 
apparently kills the nerve terminals. In one instance only, this form of 
excitation produced an increase in the air-waves (Fig. 28). We have 
already pointed out that there is little or no tonus in these muscles and 
we are therefore inclined to attribute its presence in this instance to 
some accidental cause, though we were unable to discover ‘its origin. 
Seeing that the existence of broncho-dilator fibres is now certain, 
there must be a double medullary centre, and it should be possible under 
appropriate conditions to set either of them into activity separately, 
Broncho-reflex effects are of considerable importance as tending to 
elucidate certain points in the pathology of spasmodic asthma. We 
hope to return to them again later, but we may point out that those 
observers who have excited the nasal mucous membrane, all describe 
this as the most effective position from which to obtain reflex-bronchial 
constriction, and in this we agree. It has long been known that many 
cases of spasmodic asthma have been permanently cured by operations 
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upon the nose. Recently Francis’ has published remarkable results in 
which most cases of spasmodic asthma have been permanently cured by 
cauterisation of a certain area of the nasal septum. This area is a spot 
high up and towards the back. As confirming this we have found that 
the most effective spot for bringing about the reflex in cats and poms | is 


Fig. 28. Dog. Ether. Morphia. Bromine vapour blown into left wena. 
_ Zero B.P. 30 mm. below abscissa line, Reduced }. 


a small area well back upon the nasal septum. The reflex constriction 
from the nasal mucous membrane must be of a protective nature. We 
know that by excitation of this membrane the following reflex effects 
have been obtained*, (1) Closure of the glottis; (2) arrest or slowing 
of the respiration; (8) cardiac inhibition; (4) dilatation of the 
peripheral arterioles. Chemical or mechanical excitation of the 
laryngeal mucous membrane leads to arrest of the heart and of the 
respiration, and finally excitation of the pulmonary nerves leads to most 
pronounced cardiac inhibition, All these reflexes appear to be 
protective and for the purpose of saving the animal from the effects of 


1 Francis, Lancet, Oct. 18th, 1902, p. 1053. 
of the earlier literature is given. 
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irritant particles or vapours entering with the air in respiration. All 
the reflexes upon the respiratory tract tend to stop the entrance of any 
irritant, effects which are all the more perfectly realised because the 
first part of the respiratory tract is so sensitive to these forms of 
excitation, A still further protection is reached by the vascular effects, 
for these in the first place tend to make the animal faint and thus 
reduce the activity of the respiratory centre, and secondly tend to retard 
the absorption of any irritant vapour that may have gained admittance 
and thus prevent serious toxic effects by a sudden access of a large dose 

of poisonous material. Perhaps too the respiratory reflexes are of 
especial value in the case of the entrance of irritant particles, for the 
changes all result in decreasing the rate of admission of air and thus 
give greater time for the particles to fall on the mucous membrane, 
where they will be held. 


Section 8. SOME EXPERIMENTS ‘IN WHICH THE RATES OF 
_ DISTENSION AND COLLAPSE WERE INVESTIGATED. 


" In the experiments hitherto described we have been examining the 
total volume changes of a lobe of the lung which is inflated by the 
delivery of a large volume of air, the tracheal tube being provided with 
a big lateral outlet. The object aimed at by this method is to be sure 
that the maximum tracheal pressure. at each inflation shall always reach 
the same height, so that no change in the. result can be due to an 
alteration in the mechanical conditions of the distension. To attain 
this end the lateral exit from the trachea must possess very little 
resistance in comparison with that offered by the lungs. If in an 
experiment of this kind the record of the tracheal pressure changes be 
taken upon a rapidly moving surface (Fig. 29) it will be seen that the 
pressure rises fairly quickly and regularly, remains up for a very short 
time and then falls, the fall occupying only about one-half the time of 
the rise. Obviously, for many purposes this form of artificial respiration 
is not ideal, and this is especially the case if we wish to study the rate 
of distension and of collapse. For this purpose we should rather aim 
at inflating the lung with a constant pressure acting for a definite time. 
This can never be actually attained although we can approximate to it 
by conducting the artificial respiration differently. We have aimed at 
this in some experiments by rhythmically connecting the trachea, for a 
definite, short time, to a very large chamber containing air, constantly 
maintained at a fixed pressure. In expiration, the tracheal tube was 
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freely opened to the external air, but, of course, the emptying was not 
effected in quite so satisfactory a manner, because the force producing 
it—the elasticity of the lung—is one which varies as the lobe empties. 


Fig. 29. Tracheal pressure (upper line) and lung volume tracings taken by the usual 
method but on a rapidly moving surface. (Surface moved by hand at about 48 mm. 


Although the method is therefore only approximate, it yet offers certain 
advantages over the ordinary one. To apply it, it was necessary to 
employ a means of alternately connecting the trachea to the compressed 
air chamber and then to the external air, in regular rhythm. As in 
many instances it would further be of great advantage to be able to 
alter the duration of the filling and emptying, we devised the apparatus 
represented diagrammatically in Fig. 30. It consists of a short brass 
cylinder cut into three compartments by two perforated discs. Into 
each compartment a short wide tube opens, two, I and O, from one side 
of the cylinder, the other, c, from the opposite side. This latter tube is 
connected by a short piece of wide rubber tubing to a glass tube tied 
tightly into the trachea. The two ends of the cylinder are closed by 
two tambours, T, and T,. When both tambours are undistended as in 
the figure, there is a free air passage from c through the two perforated 
discs to both I and O. If now the tambour T, be blown up, the rubber 
distends until it reaches the nearer disc, covers the holes in it, and thus 


closes the communication between I and c to all ordinary air pressures. 


Similarly the distension of the tambour T, closes the communication 
between O andc. The mode of working is as follows :—Starting 
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with both tambours distended, the tube I is connected to a large 
reservoir containing air under pressure, the tube O being left open to 
the exterior. If now T, is suddenly deflated, air passes from I through 
c and distends the lungs until the pressure there is the same as in the 
main reservoir. T, is now again distended, thus closing the connection 
between the reservoir and the trachea. T, is next deflated and the lung 


Fig. 30, 


at oace empties itself through O,. T, is then once more closed. The 
alternate distension and emptying of the tambours is effected 
rhythmically by a separate piece of apparatus which consists of two 
valves, one for each tambour, The valves are connected, respectively, 
to the two tubes a and 6 of the tambours and to a small reservoir of 
compressed air. When the valve is at rest the tambour is distended 
with air from the high-pressure reservoir. When the valve is depressed 
it first closes this connection, and then opens a passage to the exterior, 
and allows the tambour to empty. The rhythmic movement of the 
valve is effected by a sector fixed on a revolving axis driven at constant 
speed, so that by varying the length of the sector the time during which 
the tambour is empty is proportionately lengthened. In this way the 
time allowed for distension of the lobe and for its recoil can be 
conveniently and rapidly altered and the time intervals between the 
two can also be adjusted, The pressure in the high-pressure reservoir 
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was kept up by the ordinary artificial respiration pump, and was 
maintained approximately constant by a mercury valve. The pressure 
used was about ten times that required for distension of the lungs. 
The pressure in the low-pressure reservoir was kept constant by hand, 
air being pumped into it by a pump whenever the pressure fell. This 
reservoir was of very large size so that the fall of pressure with each 
inflation was quite insignificant, and air was only pumped in during the 
intervals between two inspirations, %.¢, when the tambour T, was 
distended and blocked the connection to the lung. Further, the 
reservoir was provided with a water-manometer and water valve, and 
| the tube connecting it to the tracheal cannula was of large diameter . 
and as short as possible. A tracing, recorded upon a rapidly moving 
surface, in an experiment of this kind, is given in Fig. 31. In line A 
the air pressure used was 50 mm. of water. The increase in volume of, 


Fig. 31. Lung volume record only. In tracing A the pressure was 50mm. of water 
and in the others 88mm. In the four last the drum was moving at the rate of 
15 mm. per sec, 


the lobe is at first rapid but becomes very slow towards the end. The 
top of the curve is nearly flat, only showing a very slight tendency to — 
rise. The fall in volume during expiration is much more gradual, 
especially in its later stages. The instant of opening of the valve, 
allowing the compressed air to enter the lung, is of course indicated by 
the sudden rise of the volume curve; the instant of closure is marked 


4 
‘at 
| 
| 
’ 
a 
é 
¢ 
J ] 
a 4 
3 
a vg 
A 
a 
2 
; 
a 
“9 
d 
H 
3 
4 « 
H 
| 
| 
% 
: 


BRONCHIAL MUSCLES. 151 


by a slight rise in the curve seen on the summit. Similarly the end of 
the time during which the trachea has been open to the external air is 
marked by the slight notch on the lower horizontal line. In the second 
line, B, taken about 2 minutes later the distending pressure was reduced 
to 88 mm. of water, all the other conditions remaining unchanged. The - 
general features of the record are the same as before, only differing in 


that distension and contraction are a little less rapid and that the 


successive volume changes are not quite so uniform. The latter 
difference is due to ‘the low pressure employed, which, in a collapsed 
lobe, is only sufficient to produce slight distension, and it is easy to see, 
therefore, that if several of the alveoli are collapsed they will not be 
opened so promptly as by the higher pressure. The lung therefore will 
not behave exactly as a distensible elastic sac, some of the distending 
force being used up at the start to separate the alveolar walls. This 
adhesion retards free inflation more easily if the force employed is only - 
a little above that required to start the distension. 

In this condition the lobe is however in the best and most sensitive 
state to show any further impediment to the entrance of air such as an 
increase in resistance in the bronchioles. 

The result of excitation of the vagus, upon a lobe under these 
conditions, is given in the next three records of this figure. Line C 
followed immediately after line B, and gives the first three inflations 
after the commencement of the excitation. The effect is most 
marked, and shows itself both in the rate of distension and con- 
traction, but especially in the latter. The second distension after 
the commencement of the stimulus, shows the change most markedly, 
but the third line D shows*a tendency to recovery, a condition 
frequently observed when experimenting upon cats. The fourth 
and fifth waves are very small, and are affected in rate of both 
rise and fall. Line E gives the three waves following the cessation 
of stimulation, and shows the recovery in a very marked way. In 
several of these waves we see that the curve continues to rise although 
the tambour has closed the connexion between the distending pressure 
and the trachea. This rise is unquestionably due to the fact that the 
distending pressure had not acted long enough to completely distend 
the alveoli to that pressure, and thus when the tracheal orifice was 
closed the pressure in the trachea was still higher than that in the 
alveoli, and the latter were therefore still further distended. The 
effect of vagal excitation as studied in this method very clearly brings 
out the marked effect upon emptying. In other words, the act of filling 
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even when this low pressure is employed is effected much more 
efficiently than the act of emptying. 

It is obvious that this method of experimenting can be of great 
service when studying the distensibility of the alveoli under different 
conditions, The method has also proved of considerable service, in that 
by it we could conveniently watch the behaviour of the lung when 
varying the times allowed for distension or for collapse. It has proved 
especially useful in studying the production of over-distension, and was 
for instance the method employed when taking Figs. 16 and 17, p. 128.. 


SrcTion 9. EFFECTS OBTAINED AFTER THE DEATH OF THE ANIMAL. 


_ Many of the earlier workers upon the bronchial muscles obtained 
indications of bronchial constriction in animals which had been recently 
killed. We have therefore made a few observations of this nature, 
usually at the end of an ordinary experiment. These were mainly of 
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Fig. 32, Rabbit. A series of excitations of the vagus taken after the animal had been 
bled and the heart excised. A immediately after, B 5 mins., C 10 mins., D 14 mins., 
E 16 mins., F 20 mins., G 24 mins. and H 28 mins. after. . 
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two kinds. In the first we studied the action of the vagus post-mortem, 
and in the second, recorded changes which gradually developed spon- 
taneously after death. In Fig. 32 we reproduce the results of a series 
of excitations of the vagus. In this experiment a rabbit was pithed, 
and a series of observations, some of which have been given in Figs. 11 
and 22, recorded. The animal was then bled from the carotid artery, 
and the series of records given in Fig. 32 obtained. Tracing A was 
taken immediately after death, and should be compared with that of 
Fig. 11, which had been obtained some time previously from the same 
animal. The stimulus was a weak one, but a perfectly typical bronchial 
constriction was obtained. Tracing B was obtained 5 minutes later, 
and only differs from the first in that the onset of the constriction was 
somewhat slower. C was taken 10 minutes after death, and already 
the effect is very much weakened, the greatest difference being a still 
slower development of the constriction than in B. Records were then 
taken every 2 minutes, and some of these are given. Thus D was 
taken 14 minutes, E 16 minutes, F 20, G 24, and H 28 minutes after. 
They show @ gradual diminution of effect, but there is still a slight 
contraction even in the last. The vagus therefore can cause some 
contraction of the bronchioles half-an-hour after the death of the 
animal. The nerve terminals are still excitable for a longer period, for 
pilocarpine caused a very pronounced contraction a few minutes after 
electrical excitation of the vagus had ceased to produce an effect. It 
is noteworthy that in this animal very little post-mortem contraction 
had occurred 30 minutes after death, though as a rule this is very 
pronounced at a much earlier time. : 


In a further series of observations the animal was killed by bleeding, 
and the volume record continued for some time after death. In all 
instances a slow and prolonged constriction of the bronchioles was 
recorded. This usually commenced within a minute after the death of 
the animal, and became so marked as to nearly occlude the bronchioles 
completely. In a few instances this was followed by relaxation, but in 
- most cases the constriction persisted during the whole time of obser- 
vation, which in some instances amounted to more than an hour. In 
_ Fig. 38 are reproduced short lengths of the tracing taken in one of these 
experiments, The maximum constriction was recorded 7 minutes after 
death, and then relaxation commenced and was complete 41 minutes 
after death, No further contraction was recorded. Fig. 34 shows 
another instance which is of interest, because the course of events 


‘ 
* 
a 
4 
a 
* 
4a 
+ 
a 
Fy 


154 


W. E. DIXON. AND T. @. BRODIE. 
differs from any of the others we have observed, in that there is a 
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triction followed by relaxation and a subsequent second 


Maximum constriction was attained in this 1 
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Fig. 84. Cat. A.C.E. Post-mortem contraction of the bronchioles : 


the three lines follow one another in succession. 
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10 minutes, and no relaxation occurred. In other cases the course of 
the contraction was much slower, only reaching its maximum in from 
20 toA0 minutes. We think the cause of this contraction is asphyxial. 

In a few experiments we volumetrically recorded.the air movements 
of a lobe of an excised lung artificially perfused with blood at constant 
pressure, Such lungs did not show the contraction just described. 
These experiments. are again — to in the section dealing with 
the action - drugs. 


SecTIon 10, ACTION OF DRUGS UPON THE BRONCHIAL MUSCLES, — 


I. Muscarine and Pilocarpine. The action of these two alkaloids 
upon the bronchial muscles is so similar that it will be convenient to 
consider them together. They may be used as types of that class 
which produces bronchial constriction. The discoverers of muscarine, 
Schmiedeberg and Koppe’, observed the marked dyspnea which 
followed its injection, but ascribed it to an action upon the respiratory 
centre. Brunton® relying upon observation of the exposed lungs and 
heart, considered that the dyspnoea was due to constriction of the 
pulmonary arteries, for he observed that the lung became paler in 
colour, the right side of the heart engorged, and the left empty. This 
cannot however. be the true explanation, for it has been shown that 
there is no rise of the pulmonary blood-pressure, whereas there is 
one of the pulmonary venous pressure. (Grossmann, confirmed by 
ourselves.) We consider the true explanation of the colour change 
_ to be partly that the amount of blood in the lung is decreased, just 
as we have seen is the case in cardiac inhibition produced by vagal 
excitation, and partly that the contained blood becomes venous, and 
thus when seen in thin layers the depth of Coeur is less pronounced 
than if it were arterial. 

Grossmann® studied the action of muscarine upon the lungs more 
particularly with respect to the mode of production of the cedema 
which he describes as following the injection. He concluded that 
the whole of the effects were of cardiac origin. He found that the 
pulmonary venous pressure rose considerably and that the pulmonary 
arterial pressure at first fell and later rose. From these results he 
argued that a considerable congestion of the lung capillaries 1 is — 


1 Schmiedeberg and Koppe. Das Muscarin. Leipzig, 1869. 
* Brunton. Brit, Med. Journ. Nov. 14, 1874. 


3 Grossmann. * Das M i genéden.” Zischr. f. klin. Med. xu. p. 550. 1887. 
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which leads to “ Lungenstarrheit,” and thus to a great diminution of — 
distensibility with its consequent dyspnea. Against this we must 
argue that in our hands muscarine has usually caused a very marked 
fall in the pulmonary pressure, and that our direct volumetric examina- 
tion of the blood-volume of the lung has shown that the amount. of 
blood does not as a rule increase but remains practically constant, 
and if a change is produced it is usually a diminution. Again,“ Lungen- 
starrheit ” cannot possibly explain the great hindrance to the entrance 
of air into the lungs, which is always observed. Even by producing 
a most marked congestion, as by temporarily clamping the pulmonary 
vein issuing from a lobe, the restriction in the air movements of that 
lobe is inconsiderable, and altogether out of proportion to the marked 
effect on the air movements produced by a small dose of muscarine. 
We may further point out that in the curves Grossmann published, 
the development of the dyspnoea takes place during the early marked 
cardiac inhibition caused by the drug, i.e. at a time when the pulmonary 
artery pressure is extremely low. 

In a later paper Grossmann’ takes into account a possible: effect 


upon the bronchial muscles, but still considers that the main cause of 


the dyspnoea is due to the action of the drug upon the heart. and = 
the bronchial constriction only plays a subordinate part. 

It is well known that muscarine and pilocarpine produce tonic 
contraction of involuntary muscle (e.g. stomach, intestines, bladder, etc.) 
throughout the body, and our experiments show that the bronchial 
muscles are no exception to this rule. A small intravenous injection 
of muscarine produces after a very short latent period a rapid diminu- 
tion in the quantity of air passing in and out of the lung, and if the 
force of inflation is not too great and the amount injected sufficient, 
a complete block is set up so that no air can either enter or leave. 
This effect is perfectly. shown in Fig. 35, where 0:001 grm. muscarine 
was injected at the indicated mark. The movements of the recording 
lever after the muscarine has produced its effect are purely vascular. 

During this action the animal tends to become asphyxiated, and to 
prevent death it is necessary to increase the force of inflation. The 


effect of this is seen in the same figure. When the force is sufficiently _ 
_great the block is overcome and more air passes into the lung, but 


the elastic recoil of the lung is unable at first to expel this, and the — 
lobe becomes rapidly over-distended. 


1Grossmann, Zischr. f. klin. Med, xvi. pp. 161 and 270. 1889. 
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In many cases the bronchial constriction produced by muscarine 
or pilocarpine is attained much more gradually, and the latent period 


Fig. 35. Cat, A.C.E. muscarine. 


up to the time of complete obliteration of the air movements may 
extend to even two or three minutes, although such a very prolonged 
period is exceptional. In these cases the constriction often occurs as 
a series of waves of alternating contraction and dilatation, a condition 
shown in. Fig. 36, where, although some contraction occurs soon after 
injection, complete obliteration is not attained until after a latent period 
of a minute and a half from the time of administration. 
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Quite commonly, instead of producing immediate constriction, 
muscarine gives rise to an initial and well-defined dilatation, which is 


Fig. 86. x}. Cat. A.C.E. Right vagus cut. Shows the _— of injecting 
00075 grm. pilocarpine nitrate. | € 


rapidly followed by the more important constriction : this is clearly shown 


in Fig. 37, in which the over-distension of the lung which obtains with 
the gradually increasing bronchial constriction is also well illustrated. 
This initial relaxation is not peculiar to bronchial muscle but can also 
be frequently observed in the muscle of the intestines and bladder after 
injections of pilocarpine. 

The cause of this preliminary dilatation may be, either (i) diminu- 
tion in the amount of blood in the pulmonary capillaries, thus causing 
greater distensibility, or (ii) relaxation of the bronchial muscles. We 
do not: think the first can completely account for the effect, for it is 
sometimes very marked, and at other times it is absent although the 


vascular changes are produced as usual, The true explanation probably 


is, that the drug excites the broncho-dilator fibres as well as the 


~~ 


broncho-constrictor, and that the former react more quickly or more 


powerfully at first, and the reason the effect is not always present is fet : 


tonic constriction of the bronchioles is as a rule absent. 
In all these experiments A.C.E. or ether were the anzsthetics neal 
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employed. In a few cases the experiments were performed on _— 
animals when identical results were obtained. 


Fig. 37. x }. Cat. Urethane. Shows effect of 0-001 grm. muscarine. 


That this broncho-motor effect is peripheral was conclusively shown 
by perfusion experiments. The heart and lungs were taken from a 
cat and defibrinated blood at the body temperature was then perfused 
through the pulmonary artery, warm air being simultaneously and 
regularly blown into the lungs by the respiration pump: a lobe of one 
lung was made to record its volume in the usual manner. The addition 
of a small quantity of muscarine to the perfusing fluid produced an 
immediate constriction of the bronchioles. The results thus obtained 
clearly show that “ Lungenstarrheit” can have little or ree to do 
with the production of the effect. 
_ In most experiments, the animal experimented upon was theo 
but in many the dog and rabbit have been used, and the saul in all 
— agreed with those above described. . 


II. On certain conditions which modify the action of the drugs 
which produce broncho-constriction. After section of both vagi mus- 
carine: still produces its normal effect. The vexed question as to 
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whether muscarine and pilocarpine can produce any effect on involuntary 
muscle after the administration of atropine, seems to depend, at least 
as far as bronchial muscle is concerned, on the amount of atropine 
employed. After injections which are sufficient to paralyse the vagi, 
large injections of muscarine are still able to produce a very slight 
constriction, but after large atropine injections (0°08 grm. in the case of 
a medium-sized cat) no amount of muscarine has any effect. Fig. 38 


Fig. 38. x 3. Cat. Urethane. Shows effect of injecting 0-004 grm. 


shows the result of: the. adnhiniatration of. 0: 004 grm. of muscarine to a 
cat which had previously received an 0:0055 
some bronchial constriction is apparent. : 

In some of our experiments urethane was incited as | the anes- 
thetic; in these a distinct difference in the response of the bronchial 
muselas to musearine could be determined in most cases. Not un- 
commonly, after complete anzsthesia with urethane, moderate injections 
of muscarine failed to produce any constriction, and larger injections 
only did so after a much prolonged latent period. » Fig. 39. shows the 
effect of muscarine on an animal anzsthetised with urethane, where it 
will be observed that it is not till after a two minutes interval that any 
very marked constriction is induced, and this is no exceptional case, indeed 
sometimes a latent period of five minutes has been noted. Urethane 
also behaves as a complete antidote to muscarine as regards the 
involuntary muscle of the alimentary canal. The antagonism of 
urethane to muscarine is nothing like so complete with bronchial muscle 
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as with intestinal, and its action in small amounts is rather to ails 
muscarine effect than to eliminate it. 


Fig. 89. x4. Cat. Urethane. Injection of 0-001 grm. muscarine. 


Curarised animals behave very similarly to non-curarised as regards 
their response to muscarine, in some cases, however, the latent period is 
slightly prolonged. Fig. 40 shows this condition. 


Fig. 40. x}. Oat. A.C.E. Curare. Injection of 0-001 grm. muscarine. 


III. The effect of atropine after muscarine. If atropine is injected 
into an animal in which moderate broncho-constriction has been induced 
as the result of a previous injection of muscarine or pilocarpine, an 


immediate dilatation usually results; this is well shown in Fig. 41, 


If however the bronchi are so constricted as to produce a complete 
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block to the air of inflation, the effect of atropine is s only seen after a 
more or-less considerable latent period: the’ explanation of this being 
that when a complete state of collapse is produced by bronchial 
constriction, the lobe in the oncometer does not expand directly the 
constriction passes off but requires a rather higher pressure to produce 
the initial expansion, a condition we have already discussed (p. 130). — 
Fig. 42 shows the effect of atropine in such a condition. Before the 

injection there is a markedly slow heart and no air enters or leaves the 
experimental lobe—the movements recorded being purely vascular. 
For about 50 seconds after the injection no effect is produced except 
the one on the heart, but after this interval air suddenly enters the 


Fig. 41. x}. Ont. A.C.E. Injection of 0-01 grm. atropine sulphate after muscarine. 


lung, and as this is repeated three or four times while no air escapes 
the lungs become gradually over-distended. In about 80 seconds from. 
the time of injection a considerable amount of air has been driven into- 
the chest and the elastic recoil of the distended lungs suddenly over- 
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comes the resistance due to the bronchial constriction ; an expiration 
results, which is the prelude to a very rapid recovery. In many cases 


Fig. 42. x}. Oat. | Urethane. Injection of 0-01 grm. atropine sulphate after muscarine. 


the latent period between the administration of atropine and recovery 
is greater than that shown in the Figure and may reach three minutes 
or even longer. 

In only one case in our experiments did atropine produce any initial 


constriction of the bronchi; this was in a cat which had been anes- 
thetised with urethane. 


The action the These will 
be briefly considered, and for the convenience of description it will be 
advantageous to divide them into: groups. — 


Broncho-constrictors, 
-A, acting on nerve-endings. ikicaicies: pilocarpine. 
| Digitalin. 
Neurine. 
spidi ine. 
B, acting on muscle. Barium chloride. 
Veratrine. 
Salts of many heavy metals. 
Bromine, — 


C, central wid peripheral. CO,,. 
; 11—2 
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Atropine, hyoscine. 
Chloroform and ether. 
Hydrocyanic acid. 
_ Dilatation generally preceded by slight constriction. 
Lobelia, nicotine. 
Curare. 
* 
Morphine. 
Relatively inactive. Suprarenal extract. 
Ergot and its constituents. 


Physostigmine is one of the most active of the ‘iciaasiiiiianis : 
in very small amounts it is able to produce big effects, for example 
00005 grm. injected into the jugular vein of. a cat produced well- 
marked constriction, almost leading to complete cessation of air move- 
ments. The latent period after injection is usually a little longer than 
that of muscarine and the constriction frequently begins as a series of 
waves, which, becoming more and more pronounced, culminate in tonic 
contraction and: obliteration of all air movements. The effect is still 
obtained after section of the vagi and after moderate injections of 
atropine. Physostigmine can:still produce a contraction of the bronchi 
in animals which have received so much atropine that muscarine has no 
effect. After very large doses of atropine, however, physostigmine 
produces no broncho-constriction although drugs which act on muscle 
directly such as barium still give rise to constriction. We therefore 
believe that physostigmine acts on the peripheral vagal endings, but 
that its antagonism to atropine is much more complete than is the case 
with muscarine. This effect harmonises with the action of physostig- 
mine on the iris, 

Digitalin (Merck) produces s @ very rapid beceubiceonebtiotic effect 
and complete occlusion may occur. The reaction is not produced in the 
atropinised animal (7.¢. one in which the vagi are paralysed to electrical 
excitation) to the same extent, although some slight constriction still 
commonly occurs. Digitalis is not a suitable drug with which to 
demonstrate bronchial constriction on account of its powerful effect 
on the heart, for a dose sufficient to produce well-marked bronchial 
constriction is frequently sufficient to kill the animal. | 

Neurine gives rise to an immediate and decisive constriction of the 
bronchial muscles although by no means of so powerful a type as that 
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observed after muscarine. We consider it possible that the exacerbation 
of the respiration noted by Halliburton and Mott, and others, when . 
small amounts of neurine are injected into the circulation, may be 
explained in this manner. The constriction is very persistent bat is 
not produced in the atropinised animal, 

Barium chloride is taken as a typical example of a drag which’ 
prod its effect by acting directly on plain muscle. Small injections 
lead to a slow increase in blood-pressure, partly cardiac, but mainly 
vasomotor, and associated with this is a gradual constriction of the 


- ‘Fig. 48. x}. Cat. A.C.E. Vagicut. Tracing by method described on p. 148. 
Zero B.P. 35 mm. below abscissa line. Injection of 0-08 grm. BaCl,. 


bronchial muscles, ultimately attaining to the well-defined asthmatic 


condition. This effect can be obtained equally well on the atropinised 
animal, Fig. 43 is an experiment on a cat with vagi cut. The lungs 


are being inflated from a large reservoir at a constant pressure. 
(a) Shows the normal condition of affairs. (6) The condition one 
minute after the intravenous injection of 3c.c. of 1°/, BaCl,: the 
blood-pressure is now much higher, the residual air in the enclosed 
lobe is increased, and less air enters and leaves during each respiration. 
This condition is developed slower than with drugs acting on nerve, but 
is much more persistent. 

Veratrine has an effect similar to barium ; 1 c.c. of a 0-1 */, solution 
will give rise to typical constriction. : 

Gold chloride. Most of the heavy metals when injected directly 
into the circulation give rise to increased movements of plain muscle 
throughout the body. These effects are not however usually obtained 
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when the metallic ion is administered by the mouth because, with the 
_ exception perhaps of arsenic, mercury and lead, so very little is absorbed. 
Gold chloride is taken as an example of this class. When it is injected 
into a vein a slow but clearly defined constriction of the bronchioles 
developes. It rarely obliterates the air movements and is never of so 
intense a character as that seen after barium. The effect 1 is probably 
mainly on plain muscle and not on the nervous mechanism. 
Bromine. This drug also produces contraction of the 
whether administered by inhalation of the vapour or by injection of a 
weak saline solution. According to the dose given the constriction may 
be slight and transitory (Fig. 44), or may lead to complete occlusion 


Fig. 44. Cat. A.C.E. Injection of 8 c.c. of a dilute solution of bromine in 
saline solution. Zero sas 49 mm. below abscissa — Reduced 4. 


from which recovery is extremely slow. It+acts peripherally and upon 
the muscle fibres, for it is produced equally as well if both vagi be 
divided, or after a large dose of atropine. Bromine we know power- 
fully excites nerve endings and then kills them, but whether in these 
cases of bronchial constriction the drug also excites the nerve endings 
we are not able to say. 

Carbonic acid. The isibelation of ihenio acid gas has already 
been shown by Einthoven?' to lead to a tonic constriction of the 
bronchi, He showed that in ‘his experiments this was brought about 


1 Einthoven. loc. cit, p, 428. 
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through the medullary centre, for the increased tonus disappeared on 
division of the vagi in the neck. Einthoven therefore concluded that 
the gas acted directly upon the centre in the medulla, but did not 
consider the possibility that the result might have been reflexly 
produced through excitation of the nerve terminals of some afferent 
fibres of the vagus (eg. the pulmonary). Einthoven found that no 
contraction was produced if both vagi had been divided, even if pure 
carbonic acid were used. We can, on the whole, confirm Einthoven’s 
results, but. in one experiment, in which fairly concentrated carbonic 
_ acid was used, we observed marked constriction which was not abolished 
by section of the vagus upon that side (Fig. 45). In connection with 


Fig. 45. Cat. Ether. At the first signal a strong dose of CO, was added to the 
respired air, at the second the right vagus was tied, at the third cut, and at the 
fourth the administration of CO, was stopped. Zero of B.P. 27 mm. below 
abscissa line. Reduced nearly }. ; 


this figure we must point out that we have frequently proved that 
vascular changes such as are indicated in that figure are not sufficient 
of themselves to account for the marked air changes produced. We 
conclude therefore that carbonic acid as a rule acts by excitation of 
the centre in the medulla but whether directly or reflexly we are not 
yet in a position to definitely decide. In some cases the gas can 
act peripherally, but whether upon nerve or muscle we have po 
evidence. | 

_ Atropine, hyoscyamine, and hyoscine all act in the same way. The 
action of atropine has already been discussed. It only remains to add 
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that in the cat atropine gives rise to no dilatation unless some initial 
constriction has been induced, there being apparently little or no normal 
tonus of the bronchioles in this animal. Dreser first conclusively 
showed that stimulation of the pneumogastrics did not cause con- 
traction of bronchial muscle after atropine. 

It is not our intention here to deal with the treatment of sap 
asthma, the radical cure of which consists in removing the source of 
peripheral irritation ; but we desire to point out the impossibility of an 
attack whilst the patient is under the influence of atropine. During — 
an attack an injection of atropine will quickly abort it. This is of 
course well recognized by clinicians and the inhalation of strammonium 
fumes forms the routine method of treatment. 

Chloroform and ether produce some dilatation of bronchioles; the 
effect is never of a very marked character, but can usually be seen in 
the lightly anzsthetised animal by suddenly increasing the supply of 
anesthetic. To get a good result it is necessary to first produce some 
slight artificial constriction. This we believe is probably an action on 
the vagal nerve-endings since after a large dose of ansesthetic excitation 
of the vagus gives either an imperfect or no constriction. The effect 
of anesthetics has received further discussion on p. 133. 

Urethane. In a number of our experiments we used urethane as an 
anesthetic, and it was only after many trials that we discovered that 
this substance, though not affecting the vagal endings in the heart nor 
the cardiac muscle, had a pronounced effect on ordinary plain muscle 
and acted as an antidote to muscarine. This drug produces some 
dilatation of the bronchioles, if administered to animals showing increased 
bronchial tonus as, for example, after a dose of muscarine. 

Hydrocyanic acid. This substance was employed on account of its 
marked stimulant effect on the medulla, and it was therefore considered 
possible that it might produce some constriction by direct stimulation 
of the vagal centre. Such however has not been found to be the case 
nor have we succeeded in finding any substance which will produce this 
result with the exception of CO,, although the effect may be brought 
about readily enough reflexly by such substances as veratrine acting on 
the peripheral ends of the fifth nerve. 

Small inhalations or injections of HCN produce a gradual relaxation 
of the involuntary muscle which is peripheral and probably due to a 
weakening of both nerves and muscles. 

Nicotine has an excito-motor effect on bronchial muscle resulting 
in constriction, which however soon gives place to dilatation. Initial 
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dilatation with small doses of nicotine is: not usual, but when large 
quantities are injected dilatation may ‘occur immediately, and this is 
especially the case after the previous injection of small quantities of 
some broncho-constrictor body. Fig. 46 shows a typical effect where 


Fig. 46, Cat. Urethane. Injection of 0°003 grms. nicotine. 

Zero of B.P. is 20 mm. below the abscissa line. Reduced }. 
the upper tracing represents the intestinal volume, the second the air 
volume of the lobe of the lung, and the lowest the blood-pressure. 
The lung undergoes a considerable increase in blood-volume as shown 
by the rise in the lower limiting line. Distinct constriction of bronchi 
can be seen which is beginning to pass off on the right of the tracing. 

Lobelia was tried in a few cases on account of its reputation as a 

specific in spasmodic asthma. Dreser* found that after lobelia, stimu- 
lation of the vagi no longer narrowed the calibre of the air passages. 
We employed two preparations, (1) lobeline, which we found inactive, 
(2) the ethereal tincture (B.P.). This latter was mixed with half its 
_ volume of normal saline, the ether evaporated off, and the solution then 
filtered. This solution produces a marked rise in blood-pressure, and some 
slight constriction of bronchi. But if the bronchial tubes are at all 
constricted, lobelia produces a quick dilatation which rapidly passes off, 
and the original constriction returns and may be dispelled by another 


4+ Dreser. Arch, f. exp. Path. u. Pharm. xxvt. p. 287. 1890: 
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injection of lobelia, . Fig..47,shows such a condition where the bronchi 
were first. constricted by means of. pilocarpine, and the lobelia is here 
‘seen. to instentaneons dilatation, however soon dies 


i ily 


Fig. 47. Cat. A.C.E. Injection of two successive doses of lobelia prepared as 
described in the text. Zero of B.P. is 25 mm. below the abscissa line. Reduced 4. 


away. A second injection is shown on the same tracing. The effect 
may be repeated many times, and recalls the dilatation following vagal 


Fig. 48. Cat. A.O.E. Injection of 1c.c. of a 1°%/, solution of curare. - Pilocarpine has 


been previously administered, The zero of B.P. is 20 mm. below the abscissa line. 
Reduced 
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excitation after pilocarpine. - This ‘effect is im marked contrast to 
atropine, where the dilatation is absolutely permanent. 

Curart has an action on the bronchi agreeing in the main with 
those of nicotine and lobelia. If it be injected into the vein of a 
normal animal there is slight and gradual constriction. This effect is 
probably analogous to the increased splenic movements noted by 
Schafer and Moore and the stimulation of the intestinal movements 
described by Nasse. ‘When administered to an animal in which the 
bronchi are already in a condition of some tonus, well-defined dilatation 
results (Fig. 48). This effect is not permanent, and the bronchi assume 
their previous condition in 2 or 3 minutes. Curari in no way prevents 
an injection of muscarine producing its full effects. Its action is 
produced equally well after the section of the vagi. | 

Morphine. Large injections in the case of the normal cat eed to 
very considerable constriction of the bronchial muscle after an initial 
transitory small dilatation, and this after the vagi are cut. Small doses, 
on the other hand, are followed by a slight dilatation only, which is the 
better marked if the bronchi are in a condition of increased tonus. 
Fig. 49. shows the effect of injecting into the jugular vein of a cat 4 cc. 


of a 2°/, solution of morphine. The ma caused a great fall of 
blood-pressu re, 


Fig. 49. Cat. A.C.E. ‘Injection of 0-080 grms. morphine acetate. | 


Suprarenal extract produces: very little effect on the bronchi, small 
doses generally giving rise to neither constriction nor dilatation. 
With large injections, however, constriction of a temporary character 
has in a small percentage of cases been observed. Tt is possible that 
in this case the free movements of the air are interfered with ay A the 
great vascular engorgement which is present. 
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Ergot. We have employed two preparations of this substance, 
(1) commercial ergotin, which probably contains all the active in- 


_ gredients present in the fungus, and (2) sphacelotoxin of Jacobj—the 


gangrene-producing body. In no case was any immediate effect 
observed on the bronchi. The ergotin. produces an immediate fall 
of blood-pressure associated with splanchnic dilatation. The calibre 


_of the bronchioles remains apparently unaltered, but increase in the 


blood-content of the is by a rise in the lower 
line. 


ConcLusions. 


1. The degree of contraction of the bronchioles can only s 
satisfactorily demonstrated by some method which directly or indirectly 
estimates the volume of air passing through them. The plethysmo- 
graphic method fulfils this condition. | 

-2. ~The broncho-constrictor fibres run in the vagus; none are found 
in the sympathetic: there is no central tonic effect. 

_ 8. Contraction of the bronchioles may lead to collapse or over- 
distension of the lung, depending upon the force of the inflation on a the 
one hand, and the time allowed for deflation on the other. 

4. In the dog and rabbit, typical bronchiolar constriction im- 
mediately follows vagal stimulation. In the cat, the common response 
is a preliminary slight constriction followed by recovery, and the typical 
constriction only comes on some seconds after the stimulus has ceased. 

5. The vagus contains broncho-dilator fibres, as well as broncho- 


‘constrictor, and the former are particularly well developed in the cat, 


thus yielding an explanation of the anomalous results seen in one 
animal, 

6. The sympathetic contains no broncho-dilator fibres. 

7. The presence of broncho-dilator fibres is most readily demon- 


strated by excitation of the vagus, after an artificial tonus has been set 
~~ up by means of muscarine, pilocarpine, etc. The broncho-dilatation 


dies away soon after the stimulus ceases. 

8. Both the constrictor and dilator fibres i in the vagus supply the 
lung on the same side only. 
. 9. The inhalation of ether or chloroform for anzsthetic purposes 
abolishes the effect of the vagus on the bronchioles, This is due to the 
paralysis of the nerve-endings by direct — through the mucous. 


| membrane, 
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10. Excitation of the vagus leads to a diminution in amount of the 
blood in the lungs. This produces increased distensibility—diminished 
“ Lungenstarrheit ” in v. Basch’s sense. | 

11. Reflex bronchiolar constriction is best obtained by exciting the 
nasal mucous membrane. Little or no result has been obtained by 
stimulating the sciatic, central vagus, superior laryngeal or cornea. 

12. The condition of the bronchioles and any alteration in their 
contraction can also be determined by recording the rate of distension 
or of retraction of the lung. 

13. Typical bronchiolar contractions by stimulation of the vagus, 
can be obtained in animals recently killed by bleeding. Some constriction 
can even be obtained 30 minutes after death. : 

14, Gradual constriction of bronchioles followed by dilatation is 
usually seen post mortem. bas 

15. Muscarine, pilocarpine, and physostigmine excite the vagal 
endings and induce typical — constriction. The effect is 
abolished by atropine. | 

16. Barium, veratrine, bromine, ee the salts of many of ‘tue heavy 
metals (e.g. gold) produce constriction which is not influenced by 
atropine. 

17. Inhalation of CO, leads to constriction of the troneloles 
which is not altogether central in origin. 

18. Chloroform, ether, urethane, lobelia, and atropine induce dilata- 
tion of the bronchioles when constriction is present. The dilatation 
produced by lobelia is quite transient, — that by atropine is 

permanent.’ 
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ON THE UNIFORMITY OF THE PANCREATIC ME- 
CHANISM IN VERTEBRATA. By W.M. BAYLISS anp 
E. H. STARLING. (Nine Figures in Text.) 


(From the Physiological Laboratory, University College.) | 


IN a previous paper’ we pointed out that the secretion of pancreatic 
juice, which ensues on the introduction of acid into the duodenum 
or jejunum, is due, not to a reflex but to the production, under 
the influence of the acid, of .a substance (secretin) in the epithelial 
cells of the mucous membrane. This substance is at once absorbed 
into the blood vessels and carried by the blood to the pancreas, where 
it acts as a specific stimulus of the pancreatic cells. Since the 
appearance of this paper our results have been confirmed by a number 
of observers’, and Wertheimer’ has succeeded in demonstrating the 
presence of secretin in the blood flowing from a loop of intestine into 
which acid has been introduced. If, as we think is the case, the 
secretion of pancreatic juice is normally evoked by a similar mechanism 
as by the entry of the acid chyme into the duodenum, we should expect 
to find that in all vertebrate animals pancreatic secretion would be 
brought about in the same way, since in all the food is first subjected 
to an acid digestion in the stomach, and the need of a pancreatic 
secretion arises only as the acid products of digestion pass from the 
stomach into the first part of the intestine. Moreover the few 
chemical characteristics of secretin with which we are acquainted 
point to this substance being of definite chemical composition and 


not a labile proteid or allied a which might be specific for every 
variety of animal. 


1 This Journal, xxvi1. p. 825. 1902. 

? Camus and Gley, C. R. de la Soc. de Biol. tiv, p. 448, 1902; Camus, Journ, 
de Physiol. et de Path. gén. No. 6, Nov. 1902; Borissow and Walther, Verhandl, d. 
Section f. Anat. &c,, Versammlung nordischer Naturforscher. Helsingfors, 1902; 
Délezenne, various communications in C. R. Soc. de Biol. 1902; Stassano, C. R. 
Soc. de Biol., May 1902. 


3 C. R. Soc. de Biol., May 1902, p. 475, and Journ. de Phys, et Path. gén. 1902, p. 1069. 
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We have sought to decide the as. to’ of 
mechanism in two different ways: , 

1. In a number of animals effects of 
injecting acid/extracts of the mucous membrane of the upper part: 
of the small /intestine on the pancreatic: secretion, en peep 
introduced ula into the | 


Fig. 1. Pancreatic secretion in dog. Effect of injecting 5 ¢.c. of ‘acid decoction of 
rabbit’s duodenum. Blood-pressure zero 25 mm. below signal. 

Fig. 2. Same experiment. Some money. 
‘Blood-pressure zero 36 mm. below signal. 

Fig. 8. Same experiment. of of lation. 
from a boy’s intestines (post-mortem). Blood-pressure zero 28 mm. below signal, 
In these ‘and all other tracings the time-marker indicates 10 second intervals. 
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_ 2... In those animals in whom we could not conveniently examine 
the secretion of pancreatic juice we confined ourselves to extracting 
the mucous menibrane of the upper part of the intestine with acid, and 
testing this extract on the dog or other animal for the presence of 
secretin. We felf that we were justified in assuming the ‘identity 
of the pancreatic mechanism:in these animals with that in the dog, 
when we found that the animal from which the preparation was 
derived was a matter of indifference and that a secretin solution, 
which would produce a flow of pancreatic secretion in the dog, would 
also produce a flow in the cat, rabbit, monkey, or frog. 

We have so far a8 possible examined representatives of all the 
vertebrate classes,.and need only mention very shortly the distinguishing 
features of the pancreatic mechanism in each case. 

Mammals. Of this class of animals we have investigated the flow 
of pancreatic juice in the monkéy, dog, cat, and rabbit. We have 
moreover tested, for the presence of secretin, acid decoctions of the 
intestinal mucous membrane from the same four animals as well as from 
-Inan, ox, sheep, pig, squirrel, and new-born kitten. From all these 
animals an active secretin solution was obtained which produced a flow 


"> Pancreatic secretion of cat. Effect of injecting 5.0. of secretin solution from 
dog's 8 gut. Blood-pressure zero raised 15 mm. § 


of j juice in any of the above four animals, In all cases the acid decoction 
of mucous membrane contains also a depressor substance, although the 
extent of the depressor effect varies in different animals. In the cat 
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the depressor effect was even more marked than in the case of the dog, 
and was often associated with vagus inhibition of the heart. 

| On the other hand in the monkey and rabbit, the two herbivorous 

animals we experimented on, the depression of blood-pressure was 

very much less marked than in the dog and cat. In fact, on several 

occasions in the monkey a distinct rise of pressure was observed ‘to 

accompany the secretory effect of the injection. 


Fig. 5. Pancreatic secretion in monkey. Injection of secretin from human intestine. 
Blood-pressure zero 23 mm, below time-marker. 


Although it is at present difficult to express quantitatively differences 
between the pancreatic activities of various animals, we have acquired 
the impression that, in the carnivora the pancreas is much more active 
and the intestinal extract richer in secretin than in _ herbivorous 
animals, such as the rabbit or sheep. In the rabbit we found in every 
case a slight spontaneous secretion, as has been already described by 


other authors. On injecting secretin the rate of flow was Gerekoned 
three or four times. 7 


Fig. 6. Pancreatic secretion in rabbit. Effect of injecting 10¢.c. secretin solution from 
dog’s gut. Blood-pressure zero 88mm. below signal. 
PH, XXIX. 12 
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If another dose were now given no further effect was produced, the 
only influence being to prolong the maximal effect already existing 
in consequence of the first injection. 

In view of the possibility that some therapeutic use might be made 


_ of secretin, we have investigated the action of this substance when © 


injected subcutaneously or into a serous cavity. In Fig. 7 we see that 
10 min. after the intraplearal injection of 12 c.c. of secretin a slow 


flow of pancreatic juice was still going on, though the effect is 


insignificant when compared with that produced immediately afterwards 
by less than half the dose administered intravenously. 


Fig. 7. Pancreatic secretion in dog, 10 minutes after injection of 12 ¢.c. secretin solution 
into pleural cavity, by which a slow continuous secretion was set up (about 1 drop 
@ minute). At the point marked by the signal 5¢.c. of the same solution was 
injected intravenously, and produced a large flow of juice. 


Birds. We have made only one experiment on the pancreatic 
secretion’in the bird, choosing for this purpose the goose. The goose in 
question was in process of fattening for Christmas and was in a state of 


active digestion. On placing a cannula in the duct of one of its 


two pancreases, a slow spontaneous secretion was obtained, which was 
distinctly quickened by the injection of secretin prepared from the 
dog’s intestine. We were inclined to ascribe the absence of any 
greater effect to the stuffing process which the bird had undergone, 
especially as the intestinal mucous membrane of the goose or fowl 
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yields a secretin solution which when tested on the dog or cat is little 
if at all inferior to that obtained from the intestine of the cat. 


Fig. 8. Pancreatic secretion in dog. Effect of injecting intravenously l5c.c. of a 
secretin solution prepared from the intestine of the fowl. 


Other classes of vertebrates. Acid decoctions of the mucous mem- 
brane of the upper part of the intestines were made in the case of the 
following animals ; tortoise (reptilia), frog (amphibia), salmon (teleostean 
fish), dogfish and skate (elasmobranchs). In each case the decoction 


Fig. 9. Pancreatic secretion in dog. Effect of injecting 5¢.c. of secretin solution 
; obtained from the intestines of the dogfish. 

was found to contain secretin when tested on the dog. In Fig. 9 we 

reproduce the record of an experiment in which the acid decoction of 


12—2 
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the dogfish intestines was injected intravenously into a dog. It will be 
seen that a typical though slight secretin effect is produced. 

In the case of the frog and toad Mr Dale has found that injectibn 
of dog’s secretin into the dorsal lymph-sac causes within 24 hours a 
complete discharge of all zymogen granules from the pancreas, thus 
showing that a secretion is also caused in these animals by a mechanism 
identical with that in the dog". 

The specific nature of secretin. The results just set forth show that 
the pancreatic secretin is not specific for each type of animal, but is a 
simple substance of definite chemical constitution common to all types 
of vertebrate animals. On the other hand, in spite of certain asser- 
_ tions to the contrary, there is no doubt that it is specific in its origin 
and in its action. Apart from the increase of bile which follows the 
injection of solutions of pure secretin, and may be direct or indirect, 
the direct action of secretin is limited to the pancreas. Of course, 
if a depressor effect is produced at the same time, we shall get the 
usnal effects of angzmia of the medullary centres, amongst which 
salivation may be mentioned. This secretion of saliva is not observed 
however if the nerves to the glands be previously divided. 

Secretin is obtained by extracting the mucous membrane of the 
upper part of the small intestine with acid. From no other part of the 
body can secretin be obtained by a similar or any mode of procedure. 
We have tried in this way mucous membrane of all other parts of the 
alimentary canal, the salivary glands, the liver, spleen, pancreas, kidneys, 
and tongue. We must therefore conclude that pro-secretin exists only 
in that situation where it is in a position to be acted upon by the acid 
chyme and to discharge into the blood the body which shall act as the 
timely stimulus of the pancreatic cells. 


1 Camus (loc. cit.) has shown that a secretin, active on the dog, can be obtained 
from the cat, rabbit, guinea-pig, pigeon, and frog. 
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THE ESTIMATION OF UREA IN BLOOD. By JOSEPH 
BARCROFT, M.A., B.Sc., Fellow of King’s College, Cambridge. 
(Two Figures in Text.) 7 


(Team tha Laboratory; 


A METHOD for the estimation of the urea in blood coming from 
individual organs and for clinical purposes must be efficient when only 
small quantities of blood can be obtained. With certain modifications 
the apparatus described by Haldane and myself for blood-gas analysis! 
may be used to measure the quantity of nitrogen liberated by sodium 
hypobromite from the urea contained in two or even in one cubic 
centimetre of blood*. 

The process of analysis may be divided into two parts, firstly, the 
treatment to which the blood must be subjected in order to obtain the 
urea (and ammonia) sufficiently free from other nitrogenous bodies, and 
secondly, the method of measuring the quantity of nitrogen liberated 
when urea is treated with NaBrO. I will treat of these in order. 

The extraction of the urea. Normal blood unlike normal urine 
contains substances which give off considerable quantities of nitrogen, 
quantities comparable with that given off by the urea itself, when 
treated with sodium hypobromite. Of these substances the proteids 
only require consideration at length. 

At the present stage the ammonium salts may be considered as 
urea. Other non-proteid substances give off but little nitrogen. In 
Haycraft’s method for estimating the urea in blood such dialysable 


- gubstances are extracted from the residue of the alcohol extract with 


petroleum-ether. The substantial agreement* of Haycraft’s method 
with my own shows the amount of nitrogen which they give off is 
within the limits of experimental error. 


1 This Journal, xxv. p. 232. 1902. 

? Nitrogen is liberated from small quantities of NH, salts in blood as in urine. These 
I include in the urea, since for the measurement of metabolic processes the ammonia no 
less than the urea represents a final katabolic product. 

* This paper, p. 187. 
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The quantity of nitrogen which NaBrO liberates from the proteids ° 
of blood is not constant nor is the end point of the reaction well 
defined. This nitrogen cannot therefore be deducted from the whole as 
a constant error. The proteids must be removed. 


Exp. Globulin (obtained by precipitating serum globulin with MgSO, 
and purified by re-solution in distilled water and three further precipitations 
with MgSO, and by subsequent dialysis) will give off nitrogen when treated — 
with NaBrO. 1c.c. of this solution which remained in the dialyser gave off 
‘087 c.c. of nitrogen. The same solution when analysed by Kjeldahl’s method — 
gave off 3°8 c.c. of nitrogen per c.c. of solution. The globulin therefore gave 
about 2°3°/, of its nitrogen with NaBrO.’ 

A saturated alkaline solution of crystalline hemoglobin, carefully pre- 
pared, was treated with NaBrO. 1c.c. gave ‘7 c.c. of nitrogen. 


It is therefore necessary to free the blood from proteids before any 
attempt can be made to estimate the urea. 

Absolute alcohol is the best reagent for this purpose, whilst it 
removes the proteids very completely, it is usually free from any 
suspicion of containing urea or ammonia itself. Reagents in aqueous 
solution must be used with great caution; all such solutions must be 
made with specially prepared, ammonia free, distilled water and must 
be tested from time to time with Nessler’s solution. 

I have at times obtained good results with ferric chloride and 
sodium acetate. The cubic centimetre of blood was diluted with 50 c.c. 
of distilled water, a little dry sodium acetate and two or three drops of 
FeCl, were added, and the mixture was boiled, filtered, and the 
precipitate washed. The filtrate was evaporated to a small bulk and 
was tested for proteids by the biuret and the glyoxylic reaction, neither 
of which it gave. I have not, however, obtained uniformly satisfactory 
results by this method. 

I have also tried trichloracetic acid, using 50 c.c. of 10 °/, acid for 
1 cc. of blood. The proteid was completely removed. The solition 
however became alkaline when evaporated to a small bulk, giving off 
ammonia. This decomposition may be prevented by the addition of a 
little mineral acid. 

_ Unless it is otherwise stated the proteids have been removed in 
cases described below by putting 1 c.c, of blood into 50 c.c. of absolute 
alcohol, contained in a measuring cylinder. The solution is filtered, a 
little at a time, into a glass capsule, Fig. 1, A, about 5 cm. in diameter 


' Compare Schiff, Berichte d. deutsch. Gesell, 1896, 11., 1854. 
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and 5 mm. in depth. The capsule is placed in a water bath’ at 65° C. 
and the alcohol is allowed to evaporate. When the whole of 50 cc. 
has been filtered into the capsule, the precipitate, most of which still. 
remains in the cylinder, is allowed to stand in 20 c.c. of alcohol for some 
time, this is subsequently filtered into the capsule. The blood should 
remain in the alcohol a day at least, longer if possible. 


A 8B 


Fig. 1. 


That this procedure extracts the urea efficiently may be shown in 
two ways, firstly by adding known quantities of ‘urea to blood, 
subsequently estimating the urea and comparing the quantity obtained 
with that present in the original blood, and secondly by collecting the 


* A suitable bath, holding six capsules, may be obtained with the rest of the apparatus 
described in this paper, from Messrs W. G. Pye and Co., Mill Lane, Cambridge. 
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precipitate and endeavouring to make a second extract with another 
50 c.c. of alcohol. The second extract will be found to contain no urea. 

The apparatus. The capsule is an integral part of the hypobromite — 
apparatus. Its flange is ground to fit a lid, Fig. 1, B. From the centre 
of the lid there goes a tube which fits the indiarubber tubing 
connected to the manometers. When all the alcohol has been 
evaporated the capsule is removed from the bath, the residue which it 
contains is dissolved in 1 c.c. of 40°/, NaOH! (Fig. 1, Z), and into it is 
placed a small vessel containing about ‘5 c.c. of NaBrO (Fig. 1, F). The 


- edge of the lid is now greased slightly and to it the capsule is made to 


adhere, Care must be taken that the adhesion is perfect, small bubbles 
of air in the grease can be easily seen. The capsule is fastened to the 
lid with spring clips (Fig. 1, C). The lid should be in its place on the 
rubber tubing (Fig. 1, D, and Fig. 2, D) when the capsule is fastened 
to it. The experimental and control capsules, which correspond to the 
bottles of the blood-gas apparatus, are immersed in a water bath, which 
is brought into position from below. 

The manometers are calibrated differently from those described by 
Haldane and myself. Since nitrogen is nearly insoluble the gas may 
be measured by observing the difference of volume at constant pressure, 
hence the closed limb (Fig. 2, A) is graduated in fractions of a cubic 
centimetre. The calibre of the manometer is such that 1 c.c. occupies 
a length of 25 to 30 cm. of tubing. Each graduation is ;}, of a cubic 
centimetre*, It is easy to read one-quarter of these graduations. The 
zero of the closed limb is at the top of the tube, a short distance 
below the tap. The control manometer and capsule is in all respects 
similar to the one in which the experiment is conducted; by regulating 
the amount of fluid in the control capsule the two manometers can be 
made to respond to changes of temperature in absolute harmony. 

According to Dittmar 1 c.c. of water absorbs ‘017 c.c. of N at 15°C. 
and 1 atmosphere pressure. The amount of nitrogen given off from 
1 cc. of blood is commonly about ‘1 c.c. The volume of the capsule 
and lid is not less than 10 c.c., therefore the increase of partial pressure 
of nitrogen will not be more than 1°/, of an atmosphere. Of the 
nitrogen given off only x 15 = 00026 will remain in solution if 
the reagents had previously been shaken with fresh air. 

1 This, as all other solutions, must be tested with Nessler’s reagent. 


* These graduations might be halyed with advantage. 
Encyclopedia Britannica, art. ‘* Nitrogen.” 
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In order that the apparatus may be suitable for blood-gas work, if 
fitted with bottles instead of capsules, the free limb, Fig. 2, B, of each 
manometer is graduated in millimetres. This makes it possible to work 
at constant volume and record differences of pressure. 

It is important that the manometers should easily be taken 6 pieces 
in order that they may be cleaned. A convenient form of instrument 
is shown in Figure 2, the limbs of the manometer A and B are inserted 
into holes in a good rubber cork C. The cork is fitted to a glass vessel 
E, which resembles the neck and sides of an inverted glass bottle ; over 
the neck is placed a rubber ‘teat’ which can be compressed by a screw 
clamp G. The glass and rubber. vessels are filled with distilled water’ 
(coloured if desired), and the height at which the fluid stands in the 
tubes may be regulated roughly by the distance to which the cork is 
forced into the glass. It is easy to fill such an instrument without 
the introduction of air. : 

The Accuracy of the Method. In testing the method it is necessary 
at the outset to ascertain whether it gives consistent results with a 
solution of pure urea and of ammonium chloride. 

I have made tests of this nature with three separate instruments. 


Vol. of nitrogen at 0°C. and 760 mm. given off from 1 mgrm. of wrea. 


(1) (2) (3) Mean 
Instrument A 334 *334 ‘334 c.c. 
Instrument B 351 356 353 353 c.c. 
Instrument C 326 326 — *326 c.c. 


. Vol. of nitrogen at 0°C. and 760 mm. from 1 mgrm. of NH,Cl. 
(1) (2) 


Instrument A 175 ‘176 
Instrument B "199 ‘196 
Instrument C 183 


It is well known that urea never gives off so much nitrogen when 
treated with NaBrO as the formula CO (NH,), indicates. The amount 
of nitrogen liberated depends upon the conditions and is about 92°/, of 
the calculated amount or 345 c.c. per gram. The present method gives 
about that amount, different instruments appearing to differ owing to 
minute errors of calibration. An error of about one-thousandth of a 
centimetre in estimating the radius of the tubing would make the 
difference between instruments A and C in the above tables. It is 


1 Dr J. J. BR. Macleod tells me that a saturated solution of Chromic Acid is better than 
water, since it keeps the tubes cleaner. 
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better not to attempt to correct this slight error, but rather to calibrate 
the instrument by liberating the nitrogen from 1 milligram of urea in 
a urea solution of accurately determined strength and to accept the 
reading obtained (from the average of a number of experiments) as 
being the equivalent of one milligram of urea, If the instrument be 
not very good it may be necessary to calibrate it by analysing 
numerous samples of a standard urea solution, working at different 


' parts of the tubes. 


It appears then that as far as the mere measurement of the gas is 
concerned the instrument gives good results. 

_No urea is lost by the process of evaporation and with the bath 
at 65°. 

Two samples of 1 c.c. of a ‘102°/, urea solution were taken. The first was 
directly analysed, the second was evaporated to dryness in a capsule, the 
residue dissolved in KOH and analysed. 

Sample (1) gave ‘326 c.c., sample (2) gave ‘326 c.c. 

For blood and other physiological fluids the method gives results 
consistent with itself. 


Percentage of urea ted 
by nitrogen a 
Wi (1) (2) (3) 
Three samples of blood j= °025°/, ‘025 °/, ‘026 °/, 
_ Two samples of serum 045 ‘043 
Two samples of pus ‘160 "156 


No portion of the nitrogen is split off to the proteid. 


One sample of 1 c.c. hemoglobin solution treated as blood gave -00 c.c. of 
nitrogen, A sample of 1 c.c. of serum globulin solution gave — -001 °/,.. 


If a known quantity of urea be added, either to a solution of 
hemoglobin or to blood or to a physiological fluid, it is recoverable. 


Urea 


Two samples each of lc.c. of serum ‘045°/, 043 °/, 
Two similar, to each of which -] grm. 
of urea was added 145 146 
One sample of 1 c.c. of blood ‘088 
Two similar samples, to each of which — | 
grm. of urea was added ‘187 
One sample of 1 c.c. hemoglobin 


Three similar samples to each of 
which *] grm. of urea was added — —_ 
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Finally the method gives results which agree with recognised 
methods for larger quantities of blood. - 


Method Sixe of sample of urea Methods‘ of removing protelds, etc. 
The present 1 ce. 025 
l 025 Alcohol 
026 
Haycraft’s 25 025 Alcohol dialysis and extrac- 
25 ‘023 tion with petroleum ether 
Schondorff’s 25 ‘023 
” 25 026 Phosphotungstic 


My gratitude is due not only to Mr F. G. Hopkins, who has helped 
me at every point of the present research, but also to Dr Haldane, but 
for whose co-operation on a former occasion the present paper would 
probably never have been written. 


[The expenses of the research have been paid from a grant kindly 
given to me by the Royal Society.] 
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REMARKS ON THE DORSAL SPINO-CEREBELLAR 
TRACT. By C. SHERRINGTON, MA, F.RS., anp 
E, E. LASLETT, M.D. (Vict.). (Five Figures in Text.) 


THE group of fibres forming the dorsal spino-cerebellar tract takes 
origin as is well known from a considerable longitudinal extent of the 
spinal cord. Owing to the regular accession of fresh fibres to it as it 
passes headward, its cross-area increases to culminate in the cervical 
region. The tract is believed to consist of fibres from cells of Clarke's 
column (Flechsig', myelinisation evidence, 1876 ; Mott’, degeneration 
evidence, 1890; Van Gehuchten’, Schafer*, Warrington’, chromato- 
lysis evidence, 1898, 1899). Clarke’s column extends as an obvious cell- 
group from IIIrd lumbar to IInd thoracic segments inclusive (dog). In 
the cervical region the tract will therefore consist of fibres derived from 
the lumbar and the whole thoracic region. Are the fibres from the several 
levels of origin completely commingled in the cross-area of the tract, or 
do they, like the long fibres ascending the dorsal column, retain within 
the tract some regular subgrouping? Are for instance the lumbar 
fibres collected in the dorsal angle, the anterior thoracic in the ventral 
fraction, or vice versd ? 

To this some answer is given by the following observations. When 
the spinal cord is transected between XIIIth and XIIth thoracic roots 
(Exp. 1), extensive degeneration of the tract is traceable headwards along 
the cord. From a short distance in front of the lesion and thence forward 
along the cord the degenerate fibres form a thin sheet at the very 
surface of the dorsal part of the periphery of the lateral column. The 
fibres undergoing degeneration are of course those which have had 
origin behind the lesion, that is, posterior to the XIIth thoracic segment. 
The position these fibres come to assume as traced by their degeneration 


1 Leitungsbahnen im Gehirn u. Riickenmark, Leipzig. : 

2 Brain, xtv.; see also H. T. Patrick, J. of Nerv. and Ment. Dis. xx1m. 1896. | 

* VanGehuchten. Journ. de Neurologic, Bruxelles, 1898; Schafer, Proc. Physiol. 
Society, March 18, this Journal, xxrv. p. xxii; Warrington, this Journal, xxiv. p. 476. 
1899, 
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suggests that those of the fibres of the tract which arise furthest back- 
ward are definitely arranged as the most superficial stratum of the tract. 
They are scattered throughout the whole dorso-ventral extent of the 
tract, always however in the surface stratum. They retain their super- 
ficial position throughout the whole length of the spinal cord. The 
most posterior in origin they are therefore the longest in the tract. 
Their superficial situation thus accords with a general rule pointed out 
by Schieferdecker, Singer and Miinzer, and one of ourselves 
several years ago, that in the ascending tracts of the cord the longest 
fibres lie remotest from the grey matter. 

- The method of “successive degeneration’” can be applied to 
examine the arrangement further. The XIIIth thoracic spinal segment 
(dog) was exsected (Exp. 2). Two hundred and seventy days later a 
partial transection on the left side was made in the anterior part of the 
Xth thoracic segment; twenty days later the animal was sacrificed. 
The accompanying figures (Figs. 1, 2, 3) show the topography of 
the degenerate fibres ascending from the second lesion, i.e. taking 
origin in the XIIth, XIth and part of the Xth thoracic segments ; 
the figures illustrate the topography at the IXth thoracic, the 
IInd thoracic, and the IIIrd cervical levels respectively. Those fibres 
of the tract caused to degenerate by the first lesion (XIIIth thoracic 
level) had been entirely removed by the time the second lesion came, 
and their place had been taken by the “scar.” The position of the 


Exell Fic. Exell. Fic.2. ILT. 


scar is indicated in Fig. 1 by the uniform shading, the position of 
the new degenerate fibres by the scattered dots. The fibres accruing to 


1 Sherrington and Laslett, this Journal, xxrx. p. 58. 
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the tract from origins in the XIIth, XIth and posterior part of the Xth 
thoracic segments are seen therefore to gradually slope away from the — 
grey matter, just as described by Flechsig and Mott, and to apply 
themselves as a thin layer (Fig. 2, IInd thoracic level) to the deep face 
of the scar that marks the former site of the fibres of lumbo-thoracic 
origin. Traced further headward the scar of the old degeneration is at 
the IIIrd cervical level found to have become much thinner. The 
freshly degenerate fibres lie scattered along its whole ventro-dorsal 
extent either just within the deepest layer of the scar or in the sound 
white matter just deep to the scar itself, Further forward still, in the 
restiform body in the bulb, they again lie, forming a narrow line along 
the ventro-dorsal depth .of the restiform parallel with and near below 
its free surface. 3 

In another experiment (Exp. 3) the cord (dog) was completely tran- 
sected through the middle of the IInd thoracic segment. After a lapse of 
260 days, the left side of the cord was transected in the VIIIth cervical 
segment. The animal was sacrificed 20 days later. A very heavy scar: 
free from fatty débris marked the site of the destroyed cerebellar tracts. 


Exell Fic.3 ILC Exell. Fic.4. 


As in the posterior thoracic segments in the previous case, so here 
in the postegior cervical a number of freshly degenerate fibres are seen 
to slope laterally from the grey matter and gradually arrange themselves 
in the dorso-lateral part of the lateral column along a dorso-ventrally 
directed line. Fig. 4 shows these fibres at the [IIrd cervical segment. 
They there form a narrow band of degeneration along the deep face of 
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the scar left by the past degeneration. In the restiform body in bulbar 
levels the degenerate fibres still lie along the deep face of, or just within 
_ the deep limit of the old degeneration scar. 

The strap-shaped scar in this third experiment forms a surface band 
along the dorsal edge of the lateral column much thicker than the scar 
in the second experiment. This scar resulting from the first lesion in 
Exp. 3 occupies moreover a layer of the white column which extends 
_ distinctly deeper into the column than the combined areas of the scar 
and fresh degeneration in Exp. 2. This excess-in the scar of Exp. 3 
must obviously be due to the scar-producing lesion in that experiment 
having included fibres not included in either of the two lesions of Exp. 2. 
The lesions in Exp. 2 involved no cells headward of the [Xth thoracic 
segment: the scar-producing lesion in Exp. 8 involved in addition the 
cells of the VIIIth to IInd thoracic segments inclusive. The decay of 
the fibres from the cells of the thoracic segments VITI—IT has therefore 
left a scar extending as a sheet along the deep edge of the area occupied 
by fibres from the thoracic segments IX—XII inclusive. And the fresh 
_ degeneration resulting from the second lesion in Exp. 3 shows that it is as 
an oblique dorso-ventral sheet, just deep to the scar left by decay of the 
fibres from thoracic segments VITI—II, that the fibres from segment 
I (and cervical VITT) ascend. 


Post THORACIC 
DOPSAL 
Cozumn 


Fic. 5. 


Diagram of the stratified arrangement of the fibres of the dorsal spino-cerebellar tract 
in the anterior cervical region of the cord. The fibres of post-thoracic origin lie 
outermost, the fibres of most anterior origin lie innermost; those of intermediate 
origin form intermediate strata in the order indicated. The edges of the strata 
have not of course such sharp limits as are the lines in the diagram. 
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It appears, therefore, that in the dorsal cerebellar tract the com-. 
ponent fibres do lie arranged with a definite topographical grouping 
according to the segmented level of their origin. The tract is stratified : 
the fibres from segments furthest backward in the cord lie outermost ; 
i.e. at the free surface of the lateral column; next. beneath these come 
fibres from the lowest thoracic segments: just deep to these ascend 
the fibres from thoracic segments further forward; and the innermost 
sheet consists of fibres from the topmost thoracic (and lowest cervical) 
segments. It is noteworthy that the further these axons run the 
nearer do they tend to get to the free surface of the cord. We 
have noted ‘the same tendency in the long-descending association fibres 
of the cord’, O. Cohnstamm? has pointed out that in Gower’s ascend- 
ing tract the more proximally arising fibres lie median to the fibres that 
arise further back. And it is noteworthy. that the. arrangement proves 
fairly analogous with that long known to obtain in the grouping of the 
long fibres that ascend the dorsal columns of the cord. 


_ Attention was first called by Van Gehuchten* and by Schafer‘ to 
the remarkable atrophy of the cell-column of Clarke which ensues on 
spinal section of the lateral column headward of the Clarke’s column. 
Warrington’ a little later announced the same fact. The atrophy-be- 
falls the Clarke’s column of the same side as the translesion. If the 
translesion sever the cord quite across, the Clarke’s cells of both sides 
atrophy. It is a question how far this atrophy goes. Schafer says the 
cells of the column eventually (2 or 3 months) almost completely 
atrophy’. Warrington writes, “the cells not only show chromatolysis — 


__ after section of their axons, but seem very susceptible to such interfer- 


ence, as atrophy also takes place at an early date. They are thus 
distinguished by the absence of a tendency to repair which is character- 
istic of other cells after a lesion of their axons’.”. We have ourselves 
had a large amount of material in which to study the changes in Clarke’s 
cell-column ariging on total transection of the cord. Our observations 
confirm those that have gone before us. It is difficult to find any large | 
cells at all in Clarke’s column after thoracic transection. Dr Warrington 
was kind enough to examine Clarke’s column in three of our dogs, 56, 

? Sherrington and Laslett, this Journal, xxrx. p. 58. 

2 Neurolog. Centralbl. p. 242, March, 1900. : 

* Syst@me Nerveuz, 1. 421. Louvain, 1899. 

* Proc. Physiol. Society, March, 1899, this Journal, xxtv. p. xxii. 

° This Journal, xxrv. p. 476, also xxv. p. 466. 1900. 

Ibid. xxiv. p. xxii. ? Ibid. 476. 
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96, and 149 days respectively after total transection through.the VITIth 
cervical segment. He says “the cells were found to have almost entirely 
_ disappeared or to be reduced so much in size as to be barely recognis- 
able.” That states our own experience also of our material. In. one 
case we examined the Clarke’s column after a cervical transection of 
588 days’ standing ; the atrophy of the cell-column showed no recovery. 

This being so, we have been struck many times in our material by 
the absence of all signs of degeneration, under Marchi’s reaction, in the 
dorsal cerebellar tract. The fibres of the tract might be expected to 
show some participation in the retrogressive changes so evident in the 
cell-column whence they spring. Examination of the fibres of the tract 
in sections stained by Weigert’s hematoxylin, anilin blue-black, picrocar- | 
mine, &c. reveal no obvious alteration in them. It is possible that 
there may be alteration in the size of some of the fibres but we have 
not convinced ourselves that that is so. To test the condition of the 
fibres further we made a right lateral transection in the Xth thoracic 
segment 260 days subsequent to total transection at the IInd thoracic 
level. The animal (dog) was sacrificed 20 days after the establishment 
of the 2nd lesion. The right cerebellar tract above the 2nd lesion was 
found fully presenting all the usual signs of Wallerian degeneration under 
the’ Marchi reaction. It is true the tract does appear quite as usual, 
seeming rather more voluminous than customary: but the previous 
old-standing cervical transection has led to atrophic reduction in the 
extent of the whole lateral column, many descending paths having 
disappeared. Moreover, in the dog, fibres ascend in the dorsal angle 
of the lateral column from lower lumbosacral levels more abundantly 
than in man. The left cerebellar tract appeared normal and without 
any degeneration. In the segments behind the 2nd lesion the right 
cerebellar tract resembled the left in normal appearance: 

It would seem therefore that atrophy, severe and long-lasting, 
probably permanent, of Clarke's cell-column induced by spinal tran- 
section in the lower cervical or upper thoracic region, far from destroy- 
ing the dorsal cerebellar tract leads to no obvious or easily demonstrable 
degeneration of at least the main body of the fibres of the tract. Further, 
after the severe atrophy of Clarke’s column has set in and become 
established, transection of the tract in the very region of atrophy of the 
cell-column still causes full Wallerian degeneration of the fibres head- 

ward of the transection. 


1 This Journal, xxv. 466. 
PH. XXIX. 13 
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Finally, we would note the remarkable appearance of diminution in 
the size of the degeneration scar of the cerebellar tract as traced head- 
wards. This diminution has been already called attention to by one of us' 
and measurements of it were then furnished. If the fibres of the tract 
are all destined to reach the cerebellum it is not obvious why the tract 
of degeneration should decrease in size as it ascends the cord. On the 
other hand this and other facts at present difficult become explicable if 
some of the fibres of the tract cease altogether short of the cerebellum, 
and are merely long spinal internuncial fibres ascending from hindward 
segments to reach spinal segments further forward. If the longer fibres 
arose from the larger cells (perikarya) restriction of the atrophy in 
Clarke’s column, due to cervical transection, to the larger cells of that 
column would naturally occur. Van Gehuchten* remarks that the 
chromatolysis affects those cells of the column which are rich in 
chromophil substance and large in size; the smaller cells appear to 
escape. This is in conformity with our own experience that it is the 
complete or almost complete absence of large cells from the column 
which is the salient feature of the atrophy in the lumbo-thoracic region 
after cervical transection. The point requires for determination tran- 
sections further backward than those made in our experiments. — 


1 This Journal, x1v. p. 377. 1892.. 
? Syst@me Nerveuz, 1. p. 421. Louvain, 1900. 3rd Ed, 
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FURTHER OBSERVATIONS UPON THE RESPIRATORY 
EXCHANGE AND TEMPERATURE OF HIBER- 
NATING MAMMALS. By M.S, PEMBREY, M.A, M.D. 


(From the Physiological Laboratory, Guy's Hospital.) 


I. Introduction’. In hibernating maminals the respiratory quotient 

shows a considerable range; during the autumn, when the marmot is 
depositing in its tissues a large store of fat, upon which to live during 
the period of torpidity, the quotient may be considerably above unity ; 
during the winter-sleep the quotient may fall to 0°5 or even to 03. 
These variations in the relation of the intake of oxygen to the output 
of carbon dioxide need further study, for they probably represent in an 
exaggerated manner differences in metabolism which are present in 
non-hibernating mammals. 
_. In a former investigation* the respiratory exchange of a marmot 
was determined during the periods of activity, torpidity and the 
awakening, the passage from torpidity to activity. This work has been 
extended by observations upon dormice and hedgehogs. 

The respiratory exchange was determined in the case of hedgehogs 
by Haldane’s* modification of Pettenkofer’s method; the apparatus was 
the one which was used for the experiments upon the marmot. For the 
dormice was employed the small respiration-apparatus which was 
described in the account of experiments upon mice‘. 

1 ‘The expenses of this research were defrayed by a grant from the Royal Society. — 
? This Journal, xxvu. p. 66. 1901. 
Ibid. x1. p. 419. 1892. * Thid. xv. p. 402. 1893, 


13—2 


a 
“J 
q 
CONTENTS 5 
I. Introductio 4 
IT | E aT ture of Dormi ; 
an empera rmice, 
ITI, E and Temperature of H ogs is 
IV. Work of previous observers. 
VY. 8 and conclusi 
ummary usions. 4 
VL. References. 
x 
i 
a 
“hd 
4 
x 
ed 
> 
we 
pe ol 


196 | M. 8. PEMBREY. 


In order to eliminate, as far as possible, the influence of changes 
in external temperature all the animals were kept in a room with 
double doors, walls and windows, and without any artificial source of 
heat ; the experiments were performed in an adjoining room, in which 
there was also no artificial heat. At no time in the day are the rooms 
exposed to the direct rays of the sun. 


Il. The Respiratory Eachange and Temperature of Dormice. These 
small animals are most suitable for experiments upon respiratory 
exchange, for associated with their large surface in relation to their 
mass are the characteristic and energetic changes in metabolism found 
in small mammals. An accurate method, however, must be used, for it 
is impossible to obtain exact or comparable results from determinations — 
of the respiratory exchange of several dormice placed together in 
the respiration-chamber. Hibernating mammals are subject even in ~ 
summer to considerable variations in their activity and internal 
temperature, and in winter one dormouse may awake from its sleep 
without disturbing its torpid companions. In these experiments there- 
fore only one dormouse was placed in the respiration-chamber at the 
time of a determination. 

The tables of results will show that observations were made upon 
the same individuals over a period of several months. The results fall 
into three natural groups according to the condition of the animal, 
(1) activity, (ii) torpidity and (iti) the awakening, the passage from 
torpidity to activity. 

(i) Activity. Table I. gives the results obtained when the dormice 
were awake and active, and possessed an internal temperature sept 30°. 
The duration of each period was half-an-hour. 


These results show that the respiratory quotient, os , of the active 
2 


dormouse varies from 0°878 to 0°698; these are low values for a 
herbivorous animal, but they are due to the fact that during the cold 
months of the year the animals were living partly upon the fat which 
had been stored in their bodies during the previous autumn. In every 
case the animals which were kept through the winter showed a decrease 
in weight and although they were supplied with food they did not 


_ fatten in the spring; this is shown by the weights given in the tables’. 


Under natural conditions the dormouse appears to fatten towards 
the end of the summer and during the early part of the autumn. 


1 See Table V, p. 204, 
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Dormice could not be obtained during the summer; for this reason 
the respiratory exchange of these animals during fattening must be 
left for a future investigation. 

Although in these experiments the dormice had been awake and 
active for some hours before the determination was commenced, yet 
their temperature showed considerable variations. This is characteristic 
of hibernating animals even in the summer. 

It is of some importance to mention that the experiments were 
made between 11 a.m, and 5 p.m., for the dormouse is more active at 
night than in the early part of the day. 

The discharge of: water does not in all cases naan only the 
evaporation from the respiratory tract and the skin, for in some cases 
feces and urine were passed in the respiration-chamber and by 
evaporation increased the amount of water taken up by the absorption- _ 
tubes. In four cases neither urine nor feces were passed during the 


experiment; the quotient ae is about 1°6. 


The quantity of carbon dioxide discharged by an active dormouse 
appears to be as great as that discharged by a mouse under similar 
circumstances as regards food and external temperature’. 

(ii) Torpidity. During its winter-sleep the dormouse is coiled up 
tightly into a ball, so that the under-surface of its body is not exposed. 
It is impossible, therefore, to determine the rectal temperature without 
disturbing, and in many cases awaking, the animal. For this reason the . 
small bulb of a sensitive thermometer was gently placed in the coil 
of the animal: the value of such a determination is slightly below 
that of the rectal temperature, but the difference, as shown by the 
control experiments which are given in the tables, is generally less than 
two degrees. The determinations of the respiratory exchange are for 
half-an-hour, or have been reduced to that time. 

During torpidity the respiratory exchange is greatly reduced; the 
discharge of carbon dioxide may be only a hundredth part of the 
quantity discharged by the same animal when it is awake; the 
absorption of oxygen is also reduced but not in the same proportion ; 
the torpid dormouse takes in a relatively larger quantity of oxygen, 


with the result that the respiratory quotient ie may fall to 0°23. 


0, 


‘The discharge of water is only reduced to about one-third of the value 


which is obtained in the case of the active animal. 
1 See this Journal, xv. p. 401, 1893. 
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The values obtained in the case of the hibernating animals vary 
according to the torpidity of the animal; the deeper the torpidity, as 
shown by the low temperature and the prolonged absence of respiratory 
movements, the smaller the respiratory exchange. When the animal 
exhibits periodic respiration and a slight rise in temperature, the 
respiratory exchange is greater and the respiratory quotient rises. 
This is shown by the fifth and the eighth observation in the above 
table. For these reasons no average value can be correctly given for 
the torpid animal, A consideration of the tables also shows that the 
external temperature is not the sole factor which determines the 
extent of the combustion, for with the same external temperature 
the respiratory exchange may, according to the condition of the 
animal, be reduced to the lowest ebb or be a hundredfold greater. 

The low respiratory quotients are of special interest and find 
the best explanation in the view of Voit and Chauveau that fat may 
form sugar, which can be stored up as glycogen in the liver and 
muscles. Hibernating animals possess a large deposit of fat which 
disappears during the period of torpidity, and at the same time, as 
Claude Bernard showed, glycogen accumulates in the liver. The 
equation suggested by Chauveau is as follows:— 


2 (C,,H,.0,) + 670, = 16 (C,H,,0,) + 18CO, + 14H,0, 


the respiratory quotient of which is a = ~ = 0°268. 


The complete combustion of fat would not explain the low 
quotients ; olein, for example, would yield a quotient as high as 0°71. 
(iii) Awakening, the passage from torpidity to activity. The slight 
_ disturbance caused by enclosing the torpid dormouse in the respiration- 
chamber was in several cases sufficient to awake it; the apneic 
condition of the animal was broken by more frequent respirations of a 
periodic type, Biot’s respiration and Cheyne-Stokes’ respiration; the 
animal partly uncoiled itself, incoordinate movements of its limbs 
and body, tremors or even violent shivering, occurred and it was soon 
wide awake, breathing rapidly and regularly. This awakening was 
accompanied by a rapid rise in the temperature of the dormouse and 
by a great increase in its respiratory exchange. In the following table 
the periods are for half an hour. 
At first sight the respiratory exchange during the awakening does 
not appear to be greater than that observed during an equal period in. 
the active animal. Such a conclusion. would be erroneous, for it is 
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necessary to take into account the fact that the animal is during the 
first part of the period of awakening in a torpid condition and is the 
seat of an extremely small respiratory exchange. Moreover, in the 
earlier stages of the awakening! the temperature rises slowly and the 
respiratory exchange, although considerably increased, is not augmented 


- as at a later stage to a hundredfold. When the animal's temperature 


has risen above 14°, a much more rapid rise takes place. 

- Table IV. shows how rapid the rise in temperature may be during 
the awakening. The temperature could be observed only at the 
commencement and at the end of the determination of the respiratory 


_ exchange ; the rate of rise is therefore without doubt under-estimated. 


Tasie LV. 
Temperature 
Before After _ Rate of rise in temperature. 
II. 145 im 44 
11°75 250  - 182 ,, 49 
VI. 11°75 31°0 19°2 ,, 42 
Ill. 150 21:0 


It is of interest to calculate, as Marés has done ‘ the case of 
spermophiles, whether the combustion as represented by the absorption 


of oxygen and the discharge of carbon dioxide is sufficient to raise the 


animal's temperature so rapidly. The specific heat of the body may be 
taken as 0°8. The dormouse III, which weighed 20 grms, raised its 
temperature 14° in 44 minutes and during 30 minutes of that time it 
discharged 1050 decimilligrammes of carbon dioxide and absorbed 1010 
decimilligrammes of oxygen. The minimal amount of heat would be 
20 x 0°8 x 14 = 224 calories. 

The heat yielded by the combustion of 1 gramme of fat is 9423 
calories; the oxygen absorbed is 2930 grms and the carbon dioxide 
produced is 2°817 grms; the respiratory quotient is 0°703. In other 
words the heat corresponding to 1 grm of oxygen would be 3215 
calories, and to 1 grm of carbon dioxide 3341 calories (Laulanié). 

If it be assumed that fat supplied the combustible material during 


the awakening of the dormouse, then for a yield of 224 calories there 


1 See the fifth and eighth observations in Table II. p. 199. 
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_ would be an absorption of 697 decimilligrammes of oxygen and a 
‘ production of 670 decimilligrammes.of carbon dioxide during the 
complete combustion of 238 decimilligrammes of fat. The dormouse 
absorbed 1010 decimilligrammes of oxygen and discharged 1050 
decimilligrammes of carbon dioxide in half an hour ; the combustion was, 
therefore, quite sufficient to account for the rise in temperature, even 
if ample allowance be made for the loss of heat by the skin and 
respiratory tract. 

The assumption that fat was the sole combustible material is not 
justified, for, although the animal was taking no food and was living 
upon its stores of fat, the respiratory quotient 0°756 is above that 
yielded by fat, especially when allowance is made for the very low 
quotient at the commencement of the awakening from torpidity. It is, 
therefore, probable that there is during the awakening a rapid 
conversion of glycogen into sugar, which undergoes combustion yielding 
a respiratory quotient 1, but that this quotient is masked or reduced to 
0°756 by a simultaneous partial combustion of fat and the formation of 
more glycogen and sugar. Claude Bernard and Dubois have shown 
that glycogen disappears very rapidly during the awakening from 
torpidity. Moreover the dormouse, as it awakens, shows increased 
muscular action and may even shiver violently. It is improbable that 
this muscular activity is carried on at the neers — of fat, 
instead of carbohydrate. 

The discharge of water by the awakening dormouse does not 
increase in proportion to the increase in the carbon dioxide. This may 
be due to the difference in the temperature and respiration of the 
animal in the conditions of activity and awakening ; further experiments 
are necessary to determine whether there is a retention of water. From 
a teleological point of view this would be expected, for the dormouse 
during its winter-sleep is steadily losing moisture and would advantage- 
ously retain during the awakening some of the water formed by the 
combustion of its carbohydrate and fat. This difference in the output 
of water is not so marked as in the marmot; the reason is probably to 
be found in the fact that the winter-sleep of the dormouse is much 
- more broken than that of the marmot by intervals of activity and 
feeding. 

The weights of the dormice at the first and last experiments and at 
the time of their death are given in the following table. 
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V, 

W Dats Date Weight 
I. 22 10. ii. 18 20. v. 17 19. vii. 5 

II 23 1K, ii, 20 27. v. 

IIl, 20 12. ii. 16* 28. iv. 10 19. vii. 10 
Iv.* 19 18, ii. 15 16. iv. 10> 21. iv. 9 

¥, 23 25. ii. 13 18. iv. 10 
oe: 27, ii. 15 16. iv. 12 24, iv. 5 


A large number of dormice have been under observation during the 
last few years and it has been found that the mortality is chiefly in the 
spring and early summer. The conditions, under which the animal is 
placed during captivity, seem to be unfavourable for its complete 
recovery from the drain which is made upon its resources by 
hibernation. 


Ill. The Resmratory Exchange and Temperature of Hedgehogs. 
It is of interest to compare the respiratory exchange of these 
insectivorous animals with that of the herbivorous animals, the 
dormouse and marmot. The hedgehogs during captivity were fed upon 
bread and milk, snails and raw meat, for it was impossible to obtain a 
sufficient and varied supply of insects and other natural food; during 
the periods of activity the food was eagerly eaten. The hedgehog is a 
nocturnal animal; it is therefore of some importance to mention that 
all the experiments were performed between 10 a.m. and 5 p.m. 

As in the case of the other hibernating animals the results for the 
respiratory exchange and temperature can be placed in three natural 
groups based upon the condition of the animal, (i) activity, (ii) 
torpidity and (iii) the awakening, the passage from torpidity to 
activity. 

(i) Activity. In Table VI. are given the results obtained when the 
hedgehogs were awake and possessed an internal temperature above 
30°. During the experiments the animals were quiet and partly 
uncoiled ; very rarely did they move about in the respiration chamber. 
The periods are for one hour. : 

In considering the respiratory exchange of the hedgehog it is 
important to remember that the animal’s skin and spines make up 
about one-third of the total body-weight. One hedgehog (VII), which 
died in May, was roughly analysed; there was very little fat in the - 
body. The skin weighed 138°5 grms, the muscles 37°9, the heart 3:7, 
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the liver 19-6, the lungs and trachea 5°7, the kidneys 7:2, the skeleton, 
with alimentary canal, central nervous system, some muscle and other 
organs, 229°6 grms. The total of these weights is 442°2 grms; the 
weight of the entire body before the dissection was 455°2 grms; the 
difference, 13 grms, may be attributed to the blood lost. There was 
a considerable quantity of liquid in the alimentary canal. 

_ The respiratory exchange of these hedgehogs, calculated for 1 hour 
and for 1 kilogramme of body-weight, is about equal to that of a 


guinea-pig. The respiratory quotient, S , varies from 0°73 to 0°87 ; 


such variations would be expected in animals sometimes fasting, at 
_ other times feeding on a mixed diet of bread, milk, and meat. The 
discharge of water represents the moisture given off by the respiratory 
tract and the skin, for during none of these determinations did the 
animal pass urine or feces, The temperature of the body shows even 
in the active animal considerable variation; this is also the case in 
the marmot and dormouse. It was impossible to take the temperature 
otherwise than in the coil of the animal’s body, for, apart from the 
protection afforded by the sharp spines, the force necessary to uncoil 
the body greatly disturbed the animal. The thermometer was, there- 
fore, always inserted into the deep and closed cavity formed by the 
coiled-up body; the bulb was thus in contact with the under-surface 
_of the body which is covered only by scanty hairs. 

The determinations were made,.as the dates show, during the 
winter, 

(i) TZorpidity. During the winter-sleep the hedgehog is tightly 
coiled up into a ball, so that the projecting spines on all sides protect 
the vulnerable under-surface of the body, the head and limbs, and at 
the same time diminish the loss of heat. The orbicularis panniculi 
and other cutaneous muscles, by the action of which the hedgehog 
coils itself up in a ball, are in a condition of tonic contraction during 
torpidity, but are relaxed as the animal awakes and partly uncoils 
itself. Table VII. gives the determinations of the respiratory exchange ; 
the periods are for one hour. 
| These figures show that the respiratory exchange of the hedgehog 

is much reduced during torpidity. The values for the carbon dioxide 
discharged are from one-tenth to one-twentieth of those obtained when 
the animal was awake but at rest: the absorption of oxygen is not 
reduced in the same proportion, and thus the respiratory quotient may _ 
be as low as 0°51. The discharge of water represents the moisture 
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from the respiratory tract and the skin, for during none of these 
experiments did the animal discharge urine or feces. The water 
shows a reduction, but one much smaller than that of the-oxygen 
and carbon dioxide. 

It is of little value to take an average of these figures, for the 


temperatures of the animals were different, and in some cases the 


temperature of the same animal varied during the experiment. In . 
the first two experiments recorded in the table the temperature of the 
hedgehog was above 20° at the commencement of the observation, but 
the animal became more inactive and torpid during the period and 
its temperature fell. These figures may, therefore, represent torpidity 
in its earlier stages; on the other hand it may be that the animal was 
ill at this time, for it died a week after the last experiment. 

The explanation of the low respiratory quotient during the torpidity 
of these animals would appear to be similar to that already given for 
the marmot’ and dormouse (p. 200). 

(iii) Awakening, the passage from torpidity to activity. When the 
torpid hedgehog begins to awake, its very shallow and infrequent 
respirations are increased in frequency and force, and from time to 
time are broken by a deep sighing respiration. As its temperature 
rises the hedgehog partly uncoils itself and its respiration for a time is 
of a deep pumping character and shows periods of rapid shallow 
breathing ; sometimes marked tremors were observed. 

In the following table of the respiratory exchange each of the first 
four experiments is for one hour and the animal’s temperature rose 
above 30°; the next two experiments are for half an hour, and the last 


_ of the series is for one hour. 


These figures show that during the awakening the respiratory 
exchange is greatly increased; it is at least twice as great as that 
observed in the same animal when it is fully awake and at rest. 
Compared with the results obtained during torpidity, the respiratory 
exchange is thirty or forty times as great. The increase is really 
greater, for allowance must be made for the earlier stages of the 
awakening when the combustion is much smaller; this is proved by 
the last three experiments given in the table. 


The respiratory quotient — rises and is for a period of one hour 
2 
during the awakening 0°75 to 0°81, but here again it is necessary to 


1 This Journal, xxvu. p. 70. 1901. 
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remember that. in the earlier stages the quotient is as low as 0°55. 
An explanation similar to that given in the case of the marmot may 
be adduced; it is probable that two processes are concerned in the 


resultant aes * = 0°75 to 08], a combustion of sugar yielding a quotient 1, 


and an incomplete combustion of fat with the formation of glycogen 
and sugar yielding a quotient 0°28. 

The discharge of water represents the moisture from the respiratory 
tract and skin, for the animals did not pass urine or feces during any 
of the determinations. The amount of water discharged by the 
awakening hedgehog does not increase in proportion to the increase 
in the carbon dioxide, in fact the moisture is less than that yielded 
by the same animal when it is fully awake, and is only about twice 
as great as that discharged by the torpid animal. 

The rapidity of the rise in the temperature of the hedgeliog is 
shown by the following table. 


Taste IX. 

No. of 
| i Hedgehog Before After Rate of rise in temperature. 
a 
18-75 30-2 16-4 in 98 minutes. 

| Ty, 1625 81°75 155 ,, 105 

| 9°75 80°5 , 

10-25 80°5 202 ,, 

Vv. 10°0 20°0 10°0 ” 67 


The temperature was taken before and after the determination 
of the respiratory exchange. A calculation similar to that given in 
the case of the awaking dormouse (p. 202) shows that the combustion 
is sufficient to account for the rise in temperature, even when every 
allowance is made for the loss of heat from the animal. 

The following table shows that the hedgehogs lost weight during 
the winter and spring although they from time to time took food. 

IV. Work of previous Observers. The chief literature bearing 

- upon the respiration and temperature of hibernating animals has been 
given. in recent papers’ and there the results obtained by previous 
observers have been considered in relation to the subject of the present 
research. It is unnecessary, therefore, to recapitulate what has been 


- 


1 See references, p. 212, 
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so recently given, especially since the present research is an extension 
of the former work, and will, it is hoped, be enlarged during future 
winters by experiments upon the metabolism of hibernating animals. 


X. 
IL. 548 18, xi. in 19. xi. Died 26. xi. 1901. 
Ill. 548 28. xi. 429 Died 20. iii. 1902. Total 
weight = 377°5 grms. 
skin =1275 
IV. 698 650 9. i. Still alive two months after 
7 | 1902 last experiment. 
Vv. 580 14, i. 561 27. i. Died 26. iii. 1902. 
VI. 581 5. iii. 554 6. iii. Still alive two months after 
last experiment. 


Summary AND CONCLUSIONS. 


The observations upon the temperature and respiratory exchange 
of hibernating mammals fall into three natural groups according to the 
_ condition of the animal, (i) activity, (ii) torpidity, and (iii) the awakening, 
the passage from torpidity to activity. 

When the dormouse and hedgehog are wide awake and have a 
temperature above 30°, the respiratory exchange is apparently equal 


' to that of non-hibernating mammals of similar size. The temperature 


of the active animals is liable to considerable variations. 

When the dormouse is torpid and its temperature is about 12°, the 
respiratory exchange is greatly reduced ; the discharge of carbon dioxide 
may be equal to only a hundredth part of the quantity discharged by 
the same animal when it is awake; the absorption of oxygen is also 
reduced but not in the same proportion; the torpid animal takes 
in a relatively larger quantity of oxygen and thus the respiratory 
quotient oot may fall to 0°23. 


2 
The temperature of a dormouse awaking from torpidity may rise 
as rapidly as 19° in 42 minutes; the respiratory exchange is greatly 
increased and the respiratory quotient rises to 0°75. The combustion 
is quite sufficient to account for the rise of temperature, even if ample 
allowance be made for the loss of heat by the skin and respiratory tract. 
In the case of the torpid hedgehog also the respiratory exchange 
is greatly reduced; when the temperature of the animals is below 16° 
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the carbon discharged is from one-tenth to one-twentieth the 


quantity discharged by the animals when they are awake but at rest. 
The absorption of oxygen is not reduced in the same proportion and 
thus the respiratory quotient may be as low as 0°51. 

When the hedgehog awakes from its winter-sleep its temperature 
may rise 20° in 120 minutes. The respiratory exchange is greatly 
increased; it may be thirty or forty times as great as that of the 
torpid animal. The respiratory quotient rises to 0°78, The increase in 
combustion is a sufficient explanation of the rapid rise in temperature. 

The low respiratory quotients, 0°23 and 0:50, which are observed in 
the hibernating dormouse and hedgehog, are probably to be explained 
by the partial combustion of fat and the formation of sugar which is 
stored up as glycogen in the liver and in the muscles, 

During the awakening from torpidity there appears to be a retention 
of water, but upon this point further experiments are in progress. 

The results obtained with dormice and hedgehogs confirm those 
which were previously obtained with the marmot. 
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ON THE INORGANIC COMPOSITION OF THE 
 MEDUSZ, AURELIA FLAVIDULA AND CYANEA 
ARCTICA. By A. B. MACALLUM, MA, MB, Ph.D. 
Professor of Physiology in the University of Toronto. 
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I. INTRODUCTION. 


THE investigations, of which the present paper is the outcome, began 
in the summer of 1900 in the Laboratory of the Canadian Marine 
Biological Station, then situated at St Andrews, New Brunswick, and 
the experiments were at first confined to the action of the various salts 
of sea water on the Medusa, Aurelia flavidula. These animals were 
placed in sea waters of various strengths, and in sea waters also in 
which individual salts were increased or diminished in quantity, and 
the effects on the contractility and activity of the organisms were 
specially noted. It was soon recognized that it would be unsafe to 
draw any conclusions as to the action of the salts on fhese erganisms so 
long as, their composition is not definitely known. In consequence, I 
decided to change the character of the investigation and to make 
analyses of these Meduse, as taken from different places, and from sea 
waters of unlike degrees of salinity. 

That thé*question of the action of the salts of sea water on Meduse 
can be correctly solved only in this way it is but necessary to consider 
briefly some of the results furnished by the older method of observation. 

Loeb’ was the first to employ the method, and from observations 


1 Amer. Journ. of Physiol. m1. p. 882. 1900. 
PH. XXIX. | 14 
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based on its use in the case of Gonionemus, and to a certain extent also 
in the case of Aurelia aurita, he came to the conclusion that their 
rhythmical contractions depended on the presence of Na-, Ca- and 
K-ions in definite proportions in the proteids of the tissues. He found 
also that the disc of Gonionemus deprived of its margin, though no 
longer capable of contraction in sea water, contracts for an hour or more 
if placed in a §n NaCl solution. From this he regarded it as probable 
that the margin and centre of Gonionemus must contain the Na-, Ca- 
and K-ions in different proportions. Awurelia aurita, however, when 
deprived of its margin, retains its powers of spontaneously contracting — 
in sea water. 

I found also that the marginless disc of Aurelia flavidula would 
contract only rarely and feebly in sea water, whereas it would give © 
vigorous contractions if placed in a $n NaCl solution, and that in the 
main the action of the chlorides of sodium, calcium and potassium on 
Gonionemus as observed by Loeb is paralleled in Aurelia, but I could 
not accept his generalizations. These salts do not act directly on the 
nerve cells or fibres or on the muscle fibres, and this may be readily 

_ demonstrated. When the whole subumbrellar surface is stroked with 
the back edge of a scalpel so as to affect the subumbrellar epithelium, 
the otherwise intact animal, when replaced in sea water, may no longer 

““manifest contractility, and the same result was obtained when the 
subumbrellar surface of a vigorously contracting Aurelia was gently 
brushed over with a 0°08 per cent. solution of formalin in sea water, 
and the formalin solution washed away a few seconds later with fresh 
sea water. There-was no contraction in such cases even when the 
exumbrellar surface was cut away to allow the sea water to come 
directly into contact with the muscular and nervous tissues. These 
results indicate that the action which the various salts of sea water 
have on the contractility of the Meduse depend on the physical effect 
they exercise on the nerve endings in the subumbrellar epithelium, and 
not on the play of the Na-, Ca- or K-ions in the tissues of the organisms. 

It should also be noted that these organisms are covered by a layer 
of living epithelium cells which must act as a barrier to any rapid 
exchange between the salts in the tissues of the animal, and those of 
the exterior medium. If it were not so, the composition of the “jelly ” 
would vary rapidly with the changes in the character of the medium as, 
for example, when the organism passed from ocean water into brackish 
water or vice versd. Any change in the activity of the animal when 
transferred from one medium to another should, for such a reason, 
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appear referable to a stimulation or inhibition of external covering 
structures and not to any direct action on nerve cells. 

It is obvious therefore, that however valuable the results may be of 
experiments with media of different degrees of salinity, or of different 
composition, they afford no indication of the relations which exist and 
have existed -between the cells of these organisms and the salts of sea 
water for millions of years. Such relations can only be found and 
indicated by careful analyses of the organisms themselves to determine 
whether the covering cells of the organisms make any distinction 
between the salts of the external media, that is, by selecting some and 
rejecting others, or effecting an absorption of all, but in proportions 
different from those obtaining in sea water. 

To the task of ascertaining these relations I set myself and I made 
analyses of Aurelie which I obtained at St Andrews, and of the sea 
water in which they were found. In 1901, when the Dominion Marine 
Biological Station had established itself at Canso, Nova Scotia, I 
obtained additional quantities of material from Aurelia flavidula and 
Cyanea arctica, along with quantities of the sea water from which they 
were taken. The reasons for taking the material from two such points 
as St Andrews and Canso are that these are widely separated and that 
the sea water of the former point, though not greatly dissimilar in 
composition when taken at high tide and in summer, from that of Canso, 
is apparently much less constant in its degree of salinity, since it is 
more or less diluted with fresh water from rivers and streams. For 
_ this reason at low tide the water off St Andrews is brackish and of a 
low specific gravity. In this brackish water myriads of Aurelizs may 
be observed, and these are a few hours later found in the sea water of 
high tide. At Canso the composition of the sea water varies with the 
point and depth from which it is taken, but the variations are certainly 
not nearly as great as is the case at St Andrews. 


Il. Previous OBSERVATIONS. 


The earliest observations made on the composition of the Meduse 
were those of Krukenberg’, who found that in Rhizostoma Cumeri 
from the Adriatic the total solids amounted to 4608 p.c., and the 
organic to 3°0 p.c., while in two specimens of Awrelia aurita, also from 
the Adriatic, the solids were 42056 and 4°66 p.c. In two specimens of 


1 Vergleichende physiologische Studien, Reihe 1. Abth. 2, p. 85; also Zool; Anseiger, 
p. 806. 1880, 
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Chea hyoscella, from the same source, the percentages of solids © 
were 425 and 37. The next estimations were those of Ladenburg, 

who determined for Moebius’ the amount of solids in Aurelia aurita 

taken from the Bay of Kiel, and found that in one example it was 

206 p.c., in another 2'1 p.c. The average salinity of the surface water 

of the Bay of Kiel is 1°7—1'8 p.c. 

a later publication Krukenberg gave the of estimations® 
of chlorine in Medusz from different sources. “In specimens of Aurelia 
aurita and a Rhizostoma Cuvieri from Etang de Berre, near Martigues, 
east of the mouth of the Rhone, the percentage of chlorine of which 
was 1‘278, the chlorine estimations were respectively 1:5975 and 
1°65075 p.c., while in specimens of Aurelia aurita from the Gulf of 
Trieste and from the Red Sea the chlorine amounted on the average to 
1'79275, 2°0806 and 2°2223 p.c., the sea waters from which they were 
taken containing 1'8105, 1-931 and 20945 p.c. respectively of chlorine. 
In other Meduse taken also from the same sources, the chlorine was 
greater in amount than in the sea water in which they were found, and 
Krukenberg determined that in Meduse from sea waters of a low 
degree of salinity, the salinity is much higher relatively to that of the 
sea water than it is in Medusz taken in sea water of high salinity. 

Krukenberg also endeavoured to determine the conditions under 
which the loss of substance from the portions of the “jelly” of the living 
Meduse is influenced by the composition of the medium in which it is 
placed, and his results are given in a long series of tables* from which 
he draws a number of conclusions regarding the action of the various 
compounds used. Of interest here are the results which he obtained 
by putting pieces of the “jelly” in media of different kinds, and 
determining through the loss of chlorine the amount of salts given to 
the media. For example, when a piece of “jelly” was placed in sea 
water the percentage of chlorine of which was 2:1868, the fluid given 
off by the piece contained 2334 p.c. of chlorine, but when such a piece 
was placed in sea water, the chlorine of which was 2°272 p.c., the fluid 
given off contained 1:345 p.c. of chlorine. In other words a rise of 0'1 p.c. 
of chlorine in the sea water makes a difference of about 1°0 p.c. less in 
the chlorine of the fluid given off. If these figures were accurately 
determined by Krukenberg, then the result is a remarkable one. He 
does not indeed give the chlorine percentage of the “ jelly ” itself, and 
therefore one cannot fully understand the bearing of the observations. 


1 Moebius, Zool. Anzeiger, p. 586, 1882. k 
Vergl. physiol. Studien, Reihe Abth. 4, p. 1. 1887, Loe. cit. 
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In distilled water the water from the pieces gave 4°93 and 4°13 p.c. of 
chlorine. When the medium contained magnesium sulphate only, the 
loss of salts decreased with the increase in the strength of the solution 
in magnesium sulphate. For example, with 6 p.c. and 10 p.c. solutions 
the chlorine in the fluid given off was 433 and 434 p.c. respectively, 
but with 20 p.c. it was 3°229 and 3°666 p.c., while with solid magnesium 
sulphate placed on the piece, the fluid given off contained from 1°292 to 
1596 p.c. Judging from these results one would be led to regard them 
as affected by the laws of diffusion, and Krukenberg accepts this, but 
in. regard to the loss of water by Medusz on which he made a number 
__ of experiments, he is unable to decide whether it is due to exudation or 
to mechanical processes. 


III. MATERIAL AND METHODS. 


The material which was used for the analyses was obtained by 
placing the living intact Meduse in a thin muslin bag, and suspending 
them in it, in order to free them from sea water, not only that on their 
external surface but also what was contained in their gastro-vascular 
system. Where the latter was of considerable development, as in 
Cyanea arctica, in which the gastro-vascular channels continue into 
the long filaments or tentacles, the removal of the gastro-vascular fluid 
could not be completely accomplished even by a suspension of an hour 
or more, and further there was in this case a loss of the material of the 
organism. What, however, remained of the fluid was to the volume of 
the material in all cases so small that it could hardly be considered to 
be a factor in the composition of the material which was obtained for 
analyses. It was from experience found that the maximum amount of 
sea water and gastro-vascular fluid was removed by the method of 
suspension in about ten minutes, especially if a large number of Meduse 
were placed in the muslin bag, the pressure thus exerted removing the 
fluid more readily. The specimens of Aurelia flavidula thus freed from. 
water were broken up by the hand in a vessel until they were in a 
finely minced condition and this material was then strained through a 
muslin bag, after which the small pieces of “jelly” thus retained by the 
muslin bag were subjected to the kneading process until they were all 
liquefied. The fluid so obtained was added to that obtained from the 
first straining. The mixture thus represented the whole of the organism 
and it had a slightly turbid appearance, but. after standing for some 
time the undissolved portions settled and then the fluid was opalescent. 
The sediment consisted of the cellular elements of the Medusa. The 
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whole was kept for examination by adding to one quantity crystals of 
thymol and to another volume about 2 cc. of formalin to every 
1000 c.c. of the fluid. Each specimen was kept in a bottle provided with 
a tightly fitting glass stopper. In the case of Cyanea arctica the speci- 
mens, after the draining away of the sea water and gastro-vascular fluid, 
were broken up by the hand as much as possible, and this material was 
then allowed to liquefy spontaneously. After 24 hours it consisted of a — 
brownish-red fluid with the tentacles undissolved and in suspension. 
The material in this form was preserved by the addition of 2—3 c.c. of 
formalin for every 1000 c.c. of the fluid and placed in a demijohn closed 
by a tightly fitting cork. These fluids' keep very well, and the only. 
change that obtains in the Aurelia preparations is a precipitate which is 
in large part a magnesium hydrate in union with some of the proteid of 
the fluid. When this precipitate has settled, the supernatant fluid is 
clear and slightly opalescent. 

In using the fluids for analyses, those of Aurelia were employed 
unfiltered. In the case of the Cyanea juice the morphological portions 


had to be removed by filtration through coarse-meshed muslin, as other- 


wise it would be difficult to dispose of the tough stringy material. The 
juice so filtered is like that from the Aurelie in that it has a magnesia 
precipitate, and further that the supernatant fluid is brownish-opalescent. 

In making the analyses of the inorganic constituents of these pieces 
it was found best to follow the methods which are usually employed in 
the analyses of sea water, using as a guide for this purpose Dittmar’s 


classical memoir on the sea water of the Challenger Expedition. In 


making the analyses of the sea waters from Passamaquoddy Bay and 
from Canso, Dittmar’s methods were followed closely, except perhaps 
in the case of the estimation of the potassium. In the juices from the 
Aureliz and Cyanes the methods had to be changed so far as to take 
into account the presence of proteids and other organic compounds. 
These variations are given in the descriptions of the methods. 
Determination of the Chlorine. The method employed was that of 
Volhard, in which the total halogen is precipitated with an excess of 
standard acid solution of nitrate of silver, the precipitate removed by 
filtration and the silver still dissolved in the filtrate, determined by 
titrating with standard solution of ammonium sulphocyanate in the 
presence of ammonium ferric sulphate, the appearance of the red 
compound, ferric sulphocyanide, indicating the completion of the titra- 


1 Throughout this paper I have preferred to use the expression “juice” to designate 
these fluids. 
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tion. In each case 10 grms., exactly weighed, whether sea water or 
juice was being analysed, were diluted with distilled water, about 1 c.c. 
of nitric acid of specific gravity 1°42 was added, and after a definitely 
ascertained number of cubic centimetres of the standard silver solution 
were run in the mixture was placed in a dark cupboard for 24 hours to 
settle. The filtrate from the precipitate was treated as already stated. 
The analyses were made in duplicate. Some of the results are: 


. 171746 p.c. total halogen. | 
. 171746 pec. ,, 


Aurelia, St Andrews. 1 
2 

Sea water, St Andrews. 1. 1°74734 p.c. total halogen. 


17222 p.c. total halogen. 
2. 17240 pc. ,, 


The Determination of the Lime and the Magnesia. On the 
assumption that some of the lime and magnesia in the juice was united 
with the proteid and, therefore, not as readily precipitable as they are 
in sea water, the first estimations were made after the proteids and 
other compounds were destroyed by prolonged heating with concentrated 
sulphuric and nitric acids according to Neumann’s’ method, but sub- 
sequently estimations of the lime and magnesia were made without 
resorting to this method and it was found that there were practically 
no differences in the results, this fact indicating that neither the lime 
nor the magnesia are in any other than an inorganic condition in the 
juices. Ultimately in every case the method adopted was as follows: 
Exactly 50 grms. of the sea water or juice, as the casé was, were weighed 
out, 2 c.c. of concentrated hydrochloric acid were added and the fluid 
boiled to drive off the carbonic acid. On cooling 10 cc. of a solution of 
ammonium oxalate (1 c.c. = 00226 CaO) and 10c.c. of ammonia of 10 p.c. 
strength were added. The mixture in each case was allowed to stand for 
24 hours, then filtered through a practically ashless filter, the precipitate 
dried and incinerated and dissolved in water containing 2 c.c. of concen- 
trated hydrochloric acid. To this solution ammonia in excess was added 
and the excess boiled off again to precipitate traces of alumina, ferric oxide 
and silica, which were filtered off. The filtrate, which contains besides 
the lime some magnesia, was once more precipitated with ammonia and 
ammonium oxalate solutions. The precipitate, after standing 24 hours, 
was filtered off, and the filtrate,-which contained all the magnesia of the 


Aurelia, Canso. 


1 Arch, fiir Anat, und Physiol., Physiol. Abth., p. 159. 1900. 
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first precipitate, was added to the filtrate from the first precipitate and 
the whole kept for the determination of the magnesia. The precipitate 
of calcic oxalate was dried and the calcium estimated as calcic oxide, the 
constancy of weight in several weighings indicating that the element was 
present only as a pure oxide. Some of the results were: 


Aurelia, St Andrews. 0-0512 pic. lime. 
00518 p.c. ,, 


005209 p.c. lime. 
0°05309 p.c._,, 


0:05388 p.c. lime. 
0°05388 
0:05308 p.c._,, 
0°05418 p.c._,, 
0°04848 p.c. lime. 
0°04930 p.c._,, 
0:04878 p.c.__,, 
0°04858 p.c. ,, 


To the filtrates from the first and second precipitates of calcic 
alia were added 10c.c. of a solution of ammonium phosphate 
(1 ec. =0°037 P,O,) and then strong ammonia to one-third of the 
volume of the united filtrates. The mixture was allowed to stand over 
night and then the precipitate was filtered off. It was found difficult 
to free the precipitate by washing from the sodium and other salts, 
and to remove these it was dissolved on the filter with hot dilute 
hydrochloric acid. and again reprecipitated. The results are not so 
closely in accord as in the previous determinations, for the range of 
differences in a series of estimations of magnesia as magnesic pyro- 
phosphate is greater than in the case of the lime’. 

Some of the results were : 


Aurelia, St Andrews. 1. 0°4864 p.c. magnesic pyrophosphate. 
2. 0°4896 p.c. 
3. 0°4914 p.e. 
Mean = 0°48913. 
The greatest differences are : 

+ 000313 = 000112 p.c. MgO. 
— 000227 = 0:0008 p.c. MgO. 

1 Schmelck’s greatest difference from the mean in his estimations of the MgO in sea 


- water was 0002 per cent, MgO. (The Norwegian North Atlantic Expedition 1876—1878, 
Chemistry, p. 6.) 


‘Sea water, St Andrews, 


Aurelia, Canso. 


Cyanea, Canso. 
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Aurelia, Canso. 


0: 50370 p.c. magnesic pyrophosphate. 
050728 pc. 
050518 pc. 
05044 pec. _i,, ‘s 

050519. 


The greatest differences are : 


Cyanea, Canso. 


+ 0:00209 = 0:00075 p.c. MgO. 
0:00149 = 000053 p.c._,, 


1. 0:47128 p.c. magnesic pyrophosphate. 


2. 0°46698 p.c. 
3. 0°4698 p.c. 
4, 04730 pc, 
Mean = 0°47025. 


The greatest differences are: 


+ 0:00275 = 0:00099 p.c. MgO. 
~0:00327=000119 pc. ,, 


Determination of Sulphuric Acid. In the case of seu water 
50 grms. were weighed out, to this 3 c.c. of concentrated hydrochloric 
acid, and, after the mixture had been heated to boiling, 25 c.c. of a 
barium chloride solution (1 c.c.= 00048 SO,) were added. After 
standing for a day the precipitate was filtered off on an ash-free 
“ Baryta” filter, then washed with hot dilute hydrochloric acid (5 : 100), 
and subsequently three times with hot water. 

Examples of the results are : 


Sea water, St iol 


Sea water, Canso. 


1. 05844 p.c, barium 

1, 055178 p.c. barium sulphate. 


These methods applied to the Aurelia and Cyanea juices gave concordant 


results ; 


Aurelia, St Andrews. 1. 03896 p.c, barium sulpkate. 


2. O3862 pc. ,, 
3. O39I2Z pc. ,, 
4. 03898 pc. __,, 
Mean = 0°3892. 


The greatest differences are : 


+ 0°002 = 000068 p.c. SO,. 
—0°003 = 000103 p.c. ,, 


a 
4 
if 
4 
% 
1 
4 
=> 
4 
| 
AR 
| | 
a 


222 A. B. MACALLUM. 

Aurelia, Canso. 0-35558 p.c. barium sulphate. 
035978 pc 
03556 pec. ,, 
03516 po ,, 
0°35647. 


The greatest differences are: 
+ 0°00487 = 000167 p.c. SO,,. 
— 000431 = 000147 p.c.__,, 
Cyanea, Canso. 1. 0°36578 p.c. barium sulphate. 
3. 0°3711 p.c. ” 
Mean = 0°36609. 
The greatest differences are: eka 
0:00469 = 00016 p.c. SO,. 
+0005 =0°0017 p-c. 


ge bo 


These results as compared with those of sea water appear low and 
it was at first thought that some of the sulphuric acid was “ masked” in 
the form of ethereal sulphates or combined with proteid or other 
organic compounds in such a way as to prevent it being precipitated as 
barium sulphate. In order to test this, a weighed quantity of juice 
was put in a Jena glass flask and heated with strong nitric acid 
repeatedly renewed. Evaporated carefully to dryness, strong hydrochloric 
acid was added, the whole heated to drive off the nitric acid, and when 
the volume was reduced fresh quantities of hydrochloric acid were 
added and the mixture heated until little or no nitric acid remained. 
Evaporated to dryness to remove any excess of hydrochloric acid the 
residue was dissolved and the sulphuric acid estimated as already 
described. The results are but little above those given by the shorter 
method. They were: 


Cae p.c. barium sulphate. 


_ Oyanea, Canso. 1. 0°3694 p.c. barium sulphate. 
a, 


These practically accord with the other results, They would — 
indeed be higher than the latter if complete oxidation of the proteids 
obtained, for the sulphur of the latter would then appear as sulphuric 
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acid, but that the process does not go so far is shown by the fact that . 
the dry residue on the completion of the action of the nitric acid 
blackens (carbonizes) if over-heated. If the proteid were completely 
oxidized the sulphuric acid resulting would only make an increase in 
the amount of barium sulphate found of 0:°015—0-018 grm. 
Determination of the Potassium. The method of estimating the 
_ potash offered, at the outset, great difficulties. Even the determination 
of this element in sea water depends upon a method which is not free _ 
from objection, although it seems to give acceptable results on the 
whole. The usual method of estimating potassium as potassium 
platino-chlorate (K,PtCl,) can be carried out if the alkalies and 
alkaline earths are present only as chlorides, since their occurrence as 
sulphates or phosphates, even in traces, introduces errors which affect 
considerably the results. Sulphates in sea water and sulphates and 
phosphates in the juices from Aurelia and Cyanea, therefore, render 
the employment of the usual method impracticable. It is possible to 
remove the sulphuric acid completely as barium sulphate, but this 
carries down traces of the alkalies, and the slight quantity of the 
barium salt left in the filtrate after precipitation introduces errors. To 
overcome all these difficulties Finkener' converted all the bases into 
sulphates and determined the potassium therein by a modified platino- 
chlorate method. The latter was employed subsequently by Dittmar’ 
in the determination of potassium in sea water, und the method as it 
finally left his hands proved to be capable of a high degree of accuracy. 
In using this method for the estimation of potassium in sea water 
I found after a long series of experiments that it was necessary, in order 
to get constant and accurate results, to follow very closely a line of 
treatment which in detail is as fullows. When the total bases were 
converted into sulphates these were dissolved in water and the solution 
filtered in order to remove traces of silica. The solution placed in a 
porcelain evaporating capsule, 0°5—1 c.c. of strong hydrochloric acid 
was added and as much of a 10 p.c. solution of platinic chloride as 
would yield in platinum twice at least. in amount what was required to 
combine with the potassium. The solution was then slowly evaporated 
on a water-bath and towards the termination of the evaporation the 


1 Poggendorff’s Annalen, cxx1x. p. 637; also Rose, Handbuch der anal. Chemie, 6 Aufl. 
by Finkener, 1. p. 923. 

* Dittmar, loc. cit.; also Exercises in Quantitative Chemical Analysis, Glasgow 
(1887 ?), pp. 26 and 225. 
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_ mixture was frequently stirred with a glass rod to prevent the formation 


of large flakes of crystals. When the volume was reduced to 3—4 c.c. 
the preparation was allowed to cool, and to the magma of crystals which 
thus formed 40 c.c. of absolute alcohol were added. This, protected 
from evaporation by being placed under an air-tight bell glass, was 
allowed to stand for an hour, when 20 cc. of ether were added, and the 


_ whole left to stand for 5 hours further. On pouring the alcohol-ether 


mixture on a filter a fresh supply of alcohol and ether was added and 
allowed to extract for 2 hours. This was also decanted on the same 
filter and then the residue was carefully dried and dissolved in water 
and again evaporated to 2—3c.c. in volume, when it was once more 
treated with 40 cc. of alcohol, which was ‘allowed to act again for an 
hour. To this 20 c.c. of ether were added and, after extracting for 
2 hours, the alcohol-ether mixture was decanted onto the filter and the 
residue allowed to dry in the dish. The filter was then carbonized, and 
the charred product was placed in the evaporating dish, which was then 


heated to 300°C. for half an hour, while a current of dry hydrogen gas 


was being passed over the residue in it. This reduced nearly all the 
platinum to a metallic condition, The residue was then extracted with 
hot water, which left only the metallic platinum and which was filtered 
off and weighed. The solution should theoretically be free from 
platinum, but as a fact it is not, and consequently it was evaporated to 
dryness and the residue again reduced in hydrogen, and again extracted 
with hot water, the platinum so reduced (usually under 1 mgrm.) being 
added to the first quantity. This gives in the metallic form the 
platinum which was united as K,PtCl, in the magma. | 

The value of this method was illustrated by the results of an 
estimation of the potassium in a solution of potassium sulphate alone. 
The amount of potassium due in one estimation was 01904 grm. and 
the amount found was 0°18977 grm., which is 99°63 p.c. But the best 
illustrations of the value of the method were found in the case of a 
solution of sulphates made in the proportions found by Dittmar’ fo 
one of the Challenger waters, No. 924, which were as follows: 


K,S0, 0°848 grms. MgSO, 6°468 grms. 
NaSO, 32°728 ,, CaSO, 


Water sufficient to bring solution in volume up to 1000 c.c. 


1 Loe, cit. p- 20. 
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The results of six estimations i the potassium in such a solution 


were as follows: 


Pt found out 

Pt due Pt found of 100 parts 
1. 009425 0-09295 98-62 
2. 0:09468 0:09445 99°757 
8. 0:09425 0-09357 99-279 
4. 009468 00953 100-65 
5. 009468 00938 . 99-075 
6. 007574 0075 99-019. 


The mean p.c. of all these is 99°4, a satisfactory average in 
spite of the fact that No. 1 is very low, and No. 4 is too high. In 
estimating the amount of platinum due, the atomic weights Pt = 1948 | 
and K = 39°15 were used, and in ascertaining the amount of potassium 
from the weight of platinum the former was given the theoretical value 
0'40195 which, since in the above results the platinum found is 0°6 p.c. 
below that sought, would yield slightly less than the amount actually 
present. In Dittmar’s experiments the mean amount of platinum 
found was greater than that due, and in consequence he gave ~ the 


value 04747, whence 5? = 039415. The high results in regard to the 


platinum found by Dittmar in his trial experiments is undoubtedly due 
to the fact that he did not extract enough with ether and alcohol before 
reducing. 

In applying this method to the juices of Aurelie and Cyanea it was 
found necessary to heat the total sulphates carefully in order to get rid 
of all traces of ammonium salts which are formed when a quantity of 
juice is treated with sulphuric acid to convert all its bases into 
sulphates. A too high degree of heat drives off some of the combined 
sulphuric acid, and it may cause a slight loss of potassium. Further, in 
the juices there is phosphorus, partly as phosphate and partly as an 
organic compound, and the latter on treatment with sulphuric acid is 
converted into phosphoric acid. All the original phosphoric acid as well 
as that thus produced is retained even in the residue as orthophosphate, 
even after the heating to a degree which would drive off all the 
combined sulphuric acid (SO,). Consequently the presence of phos- 
phates had to be taken into account and to determine whether they 
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affected the estimation of the potassium enough of disodic hydric 
phosphate (Na,HPO,) was added to the solutions of sulphates used in 
experiments 5 and 6 in order to furnish to them respectively 0013 and 
0030 grm. P.O; per 100 c.c. of solution, the amounts, approximately, 
present in Aurelia and Cyanea juices. It is to be noted that in these 
experiments the percentages of platinum recovered, while low, are not 
the lowest and that they are nearer to the mean than to the extremes. 

The following are some of the results obtained with the method 
described : 


Sea water, St Andrews. 1. 0°08862 p.c. platinum. 
2. 00875 po 

Sea water, Canso. 1. 0083987 p.c. platinum. 
2. 0°083222 pc. _,, 

Aurelia, Canso. 1. 0°120173 p.c. platinum. 
2. 0°120252 p.c. 

Cyanea, Canso. 1. 0°173333 p.c. platinum. 
2. 0°170233 pc. 
3. 0°170943 p.c. 


Mean = 0°171503. 
The greatest differences are: 


+ 0°00183 0000735 p-c. potassium. 
— 000127 = p.c. 


Determination of the Sodium. This was done by ascertaining first 
of all the amounts of the lime, magnesia, and then the total bases as 
sulphates which were used in the determination of the potassium as 
already described. The conversion of all the bases into sulphates was 
accomplished so far as the sea water was concerned after the method 
employed by Dittmar, but the latter had to be varied in the case of 
the juices. A quantity of the latter, between 20 and 40 grms., 
carefully weighed in a large platinum capsule, was evaporated to 
dryness on a water-bath, then about 2¢.c. more of concentrated sulphuric 
acid was added than was required to replace the chlorine, the dish was 
carefully tilted to bring the acid into contact with all parts of the 
residue and heat was applied gently and tentatively till all the effer- 
vescence was completed, which indicated that the greater part of the 
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chlorine was driven off. More heat was now employed and the mixture 
blackened in consequence. Protected by a hood from dust, and kept 
over a very low flame for 3 to 4 hours, the organic matters were oxidized 
and the mixture became colourless. If the organic matters were not 
completely removed more acid was added and it was once more carefully 
heated. After the oxidation was complete the heat was further raised, 
but gradually and with care, in order to drive off the excess of the 
_ sulphuric acid, which was accomplished when the capsule was in a dull 
red glow. On cooling now in a desiccator it was weighed and again 
heated dull red for a few minutes over the full Bunsen flame and on 
cooling again weighed, the heating and weighing repeated till the 
weight was constant. To make certain in the end, a few drops of 
dilute sulphuric acid were added and the series of heatings and weigh- 
ings were again gone through. 

. As already indicated above a part of the bases so prepared from the 
juices of Aurelia and Cyanea appear not as sulphates but as phosphates 
and the P,O, present cannot be replaced by SO, readily without intro- 
ducing chances of considerable error. The replacement was, however, 
avoided and the end attained simply by calculating the value of the 
amount of the P.O, present in terms of SO,. As the amount of P,O, in — 
100 grms. of juice either of Aurelia or Cyanea was known the total 
weight of all the bases as sulphates was thus determined. 

Having ascertained the percentage of the total bases as sulphates, 
from this was subtracted the weight of the sulphates of calcium, 
magnesium and potassium, the difference representing the weight of 
the sulphate of serene present, From this the amount of sodium was 
calculated. 

The method of determination is not free from error for there. is 
a varying amount of alumina, ferric oxide and silica which is not taken 
into account, and though this is perhaps not very important it must 
affect to a slight extent the exact estimation of the sodium, but it does 
not wholly explain the variations of the latter relatively to the chlorine 
found in the tables below. 
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* As compared with distilled water at 4°C. 
+ The calcium and magnesium are here given as CaO and MgO in order to facilitate a 
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‘IV. Tse Resv.ts. 
A. Absolute Amounts in 100 parts. 

| Sp.gr.* Cl SO, Ca0t Na Total 
Sea water, St Andrews : salts 
April ... 101808 1-847 0-15126 0-04105, 0-14888 0-027184 0-74986 2-41704 
August ... 1028-79 1-7473 0-20257 0-05259 0-19344 0°085395 0-988235 3-16566 

Aurelia, St Andrews 1028-49 1-7174 0-18863 0-0515 0°17556 0°048745 
| 1028-78 1-6543 0-18981 0-04948 0-18877 0-088608 0-91898 2-98964 
0, | 1024-42 16842 0°11849 0-048785 0-16946 0-068085 0:89926 2'9279 
can 102852 1°7281 0°12945 0°05375 0°18205 0°048108 0-928778 8°00175 


_ Dittmar determined these as K,O and Na,0. 
from his example in order to bring out clearly the quantitative relations of these elements 


comparison with Dittmar’s and Forchhammer’s tables of relative values, The latter 
only in a few cases estimated the potassium and he did not at all determine the sodium. 
I have thought it advisable to depart 


and not those of their oxides, 


¢ The eryoscopic determinations were made on carefully filtered juice in each case.” 


B. -Amounts relative to Chlorine (Cl=100). 


SO, CaO MgO’ XK Na Total 
I. Sea water, St Andrews salts 
April ... 11°23 804 1106 2018 55:12 179-44 
August .. 11°59 8001 1107 2095 55°82 181+1 
Il. Aurelia, St Andrews 777 
III. Sea water, Canso 11°44 2988 11:11 2082 65°55 £1803 
IV. Aurelia, Canso 711 3118 10:56 2-792 589 1742 
V. Cyanea, Canso 673 289 1006 4093 5838 173-84 
Dittmar) 8026-11-21 1-997" 5597" 180°584 
Vu. 11°88 2°93 11°03 1-602} 181-1 


* Calculated from the figures for K,O and Na,O given by Dittmar. His maximum 
and minimum for K were 2°1438 and 1°8631 respectively. 


+ Determined from the figures for K,O given by Forchhammer. 


estimating the K was defective. 


His method of 
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V. GENERAL OBSERVATIONS ON THE PRECEDING TABLES. 


_ One of the points which may be noted in the examination of the 
results in these tables is that in Aurelia and Cyanea the amount of the 
sulphuric acid is much below that in sea water, both absolutely and 
relatively. The difference ranges between 30 and 33 p.c. approxi- 
mately, being highest in the Aureliz from St Andrews and lowest in 
the Cyanew. This difference appears to account in great aa for the 
decrease in the relative proportions of the total salts. 

The magnesia in both Aurelia and Cyanea is less than in sea water, 
the difference being as much as 10 p.c. in Cyanea. In the case of the 
lime Cyanea shows a relative decrease, while in Aureliw from Canso it 
is increased, but in this form from St Andrews the relative proportion 
is practically that of the sea water from which it was taken. 

The greatest difference in the relative amounts of the potassium in 
Aurelia and Cyanea is very striking, the excess over that in sea water 
being about 40 p.c. in the case of the former, and 100 p.c. in the latter. 
This relation, 1 : 2°5, seems to correspond roughly to that between the 
proteid nitrogen in Aurelia and Cyanea, and also to that between the 
phosphorus found in the two forms. The relatively large amount of 
potash salts taken into the Aurelia and Cyanea must be due to a vital, 
a selective action on the part both of the covering cells of these 
organisms and of the cells lining their gastro-vascular channels, and the 
relations just pointed out between the proteid and the phosphorus, 
which is of nucleo-proteid origin, strongly favour this view. It is to be 
noted also that in both forms there is a slight relative decrease in the 
amount of sodium and it is possible that the — to this extent 
replaces the latter. 

It is not possible to explain the differences in sontiin between the 
Aureliz from St Andrews and those from Canso except on the ground 
of the differences in the habitat of the organisms from the two sources. 
The Aurelie of St Andrews must experience great variations in the 
degree of salinity of their medium every twenty-four hours, variations 
which are certainly greater than those found in the sea water of Canso 
or its neighbourhood, and if these variations are allowed to act during 
the whole development of the organism the result must be different 
from that which should be found when the variations in salinity are 
of a narrower range. The April and August waters of St Andrews 
represent probably the extremes. At Canso and in its neighbourhood 

PH, XXIX. 15 


4 
“ 4 
Ls 
Mi 
é 
¥ 
4 
44 
< 
2 
7 
5 
= 
x 
af 


230 B. MACALLUM. 


the range of variation may be seen from the sp tit chlorine 
determinations : 


Canso, surface water, Ohlorine 1:6543 p.c. 
Atlantic outside of Canso, 
Surface 10 fathoms 25 fathoms 50 fathoms 
Chlorine 16032 16302 17262 1-7476 


In regard to the “chlorine” it is to be noted that the halogen is in 
amount practically the same in the Aureliz from both sources. The 
change in the degree of salinity of the medium does not seem to affect 
to any extent the presence of this element. The fact that the Aurelie 
taken from Canso water had 1°723 p.c. chlorine after they had been 
living for some time in sea water whose halogen content was 1°654 p.c. 
seems to demonstrate this also. It seems to indicate further that an 
exchange, if any occurs, between the jelly and the sea water must be 
a very slow one, and that probably once a salt of sea water is packed 
away in the jelly there it remains during the life of the organism. The 
osmotic pressure in Aurelia and Cyanea, as indicated by the freezing 
points of their juices (— 201°C. and — 2°137° C, respectively), supports 
this view, for it is maintained even after several days in sea water 
whose freezing-point is — 1°823°C. The covering epithelium no doubt 
functions very largely in this respect, but the constitution of the jelly 
itself seems to favour fixity and uniformity of concentration. If one 
injects with a hypodermic needle a quantity of a solution of methylene 


blue into the jelly of a vigorously contracting Aurelia the reagent 


colours the jelly only in the immediate neighbourhood of the point of 
injection and even after twenty-four hours there is no increase of the 
coloured area. The jelly itself then is a barrier to diffusion. This 
explains the repaired surfaces that one observes in Aurelie now and 


again, in which sometimes as much as one-third of the disc of the 


organism is lost, In such the new surfaces were covered over with 
a smooth and glistening layer of epithelial cells, This healing process 
in every case could not have taken place if the jelly of the parts imme- 
diately adjacent to the wounded surface had not retained its water and 
inorganic constituents and therefore its form and structure. 

The explanation of this retention may be found on a careful - 
examination of the structure of the jelly. I have dealt with this 
subject: in another communication, but I may point out here that the 
jelly is constituted of an almost infinitesimally minute network formed 
of a proteid, discin, in the meshes of which the water and inorganic 
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salts are held. The proteid itself seems to be almost free from inorganic 
constituents. The excessive fineness of the meshes would offer con- 
siderable resistance to physical processes of diffusion and osmosis so 
long as the trabecule are maintained, and in jelly freely exposed to 
sea water there would be very little tendency in this direction as the 
inorganic composition of the one is almost parallel to that of the other. 

It is, however, in the epithelium of the external surface and 
particularly of the gastro-vascular channels that one must look for 
the factor that dominates the inorganic composition of the jelly in the 
first place. This is shown by the differences in amounts between the 
magnesia, sulphuric acid, and potassium of the sea water, and the 
jelly. In other words the epithelial cells of these Medusw exercise a 
selective action on the salts of sea water, taking the potash salts in 
particular and rejecting some of the magnesia and sulphuric acid, while 
they accept the lime and sodium salts on the whole as s they are in 
sea water. 

Is this power of choice a developed function, or was it inherent 
in the vital structures of the members of the class from the first ? 

The answer to this question may be found, [ am inclined to believe, 
in the fact that the history of these animals is associated with the 
history of the composition of the ocean. They and their ancestral 
forms, back to the earliest geological period, have lived in the ocean and 
as the latter throughout its history must have been continuously changing 
its composition, the vital structures in these forms would tend to follow 
the changes by accommodating themselves to them. 

What these changes were may be inferred from the solubilities 
of its salts and their origin. The ocean, when life first appeared, must 
have contained, as compared with to-day, a very small quantity of salts, 
and these must have been derived from the more readily decomposable 
rock material under the immense atmospheric pressures and high 
temperature at which vapour condensation had first taken place. 
Of the salts so dissolved the chlorides of sodium and potassium would 
by far predominate and the chloride of potassium, though less abundant, 
would at first in ocean water be relatively greater in amount than at a 
later period, for the chloride of sodium would increase and greatly 
exceed in amount the potassium salt, and the more so, since as 
Forchhammer! and Joly* have indicated, the potash which is con- 
tinuously" being supplied to the ocean by river water is as constantly 

1 British Association Report, p. 155. 1844. 
2 Trans. Royal Dublin Society, Ser. 2, vi. 1899. | 
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being extracted from the sea, while the sodium salts are not removed. 
Lime also is being continuously supplied by river water and it has been 


and is being taken from the sea by a host of living forms. The lime © 


would thus very early attain its present strength in the ocean but at a 


_ date later than that at which the potash reached its maximum, The 


salts of magnesia on the other hand, especially the sulphate, although 
very much more soluble than the corresponding calcium salts, appear 
to have increased in amount relatively less rapidly than did the latter. 
The salts would then have attained their maximum strengths in the 
following order: potash, lime, soda and magnesia. 

Now an oceanic form making its first appearance when the salts 
in the ocean were much less abundant than they are now, would have 
early accommodated itself to the relatively concentrated potash salts, — 
and as time passed it would have acquired a fixed relation to them, 
while developing, as the concentration of salts of soda increased, a 
toleration for the latter. This increase in the salts of soda would 
eventually, in order to maintain the physiological equilibrium, involve 
the absorption or, rather, selection of more than the previously usual 
amount of potash salts, but this excess would gradually diminish as the 
cells of the organism accommodated itself to the altered relations — 
between the potash and soda salts in the sea water. The power 
to select the potash salts in excess, on this view, would not vanish while 
the power to take up the sodium and magnesium compounds would 


continuously increase with the increase of these salts in the sea, but it 


would not reach the degree enabling the organisms to take them up to 
the full amount in sea water. In the case of the lime salts which must, 
as already pointed out, have at a comparatively early period attained 
their present degree of concentration the power to select would appear 
to have approximated the limit of this amount in sea water. 

We have in all this, I think, an explanation of the relative amounts 
given in Table B. | 

As regards the sulphuric acid Forchhammer’ points out that in 
river water the number of equivalents of the acid is much smaller than 
those of the lime while in sea water there are three equivalents of the 
former to one of the latter. This postulates a very slow rate of increase 
in the amount of sulphuric acid in sea water and it would account for 
the low proportion of sulphuric acid in Aurelia and Cyanea as compared 
with sea water. It is noted, however, that the degree of accommodation 


1 Loe. cit, 
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on the part of the organisms to.each constituent in sea water is not the 
same. While there is a deficiency in the case of sodium of 3—4 p.., of 
magnesia 5—10 p.c., it is 32—36 p.c. in the case of sulphuric acid. 
This may be due to the physiological rate of accommodation for each 
base and acid being different and slowest for sulphuric acid. - 

These are speculations which, with some reserve, I offer for con- 
sideration, And they give interest to the questions why some salts, 
relatively to others, are more abundant in the vascular fluids than in 
the media in which animals live or than in their food. Ever since 1883, 
when Ringer published his observations on the restorative action on 
the heart of a solution containing sodium, calcium and potassium salts, 
after it had been exhausted by perfusion with pure physiological salt 
solution, it has been recognized that mixtures of these salts in certain 
proportions are most favourable for the development and maintenance 
of the contraction in cardiac muscle and also in ordinary striated muscle. 
The proportions! in the recently improved formule of such Ringer's 
solutions NaCl 0°7 p.c., CaCl, 0026—006 pc., KCl 0°03 p.. 
On comparing them with sea water and physiological fluids we find 
the metals in such solutions have the following proportions: 


Na Ca K Mg 
Ringer’s solution... 100 334—7:71 5°86 
Sea water ... ae 3°84 3°66 11°99 


Fluid (juice) from Aurelia 100 4°13 B18 11-43 
Fluid (juice) from Cyanea 3-86 767 


Serum of the dog? ... 2°52 686 «0°81 
Serum of the mammal’ ..._—‘100 2°58 6°69 
Blood of the lobster?* 8°03 7:12 2°88 


If the magnesium, for the moment, is left out of consideration and 
the other results compared, the remarkable similarity of the proportions 
in Ringer’s fluid and mammalian serum, and even in the lobster’s 
blood, on the one hand to those in Aurelia and Cyanea on the other, is 
at once recognized just as it is readily in the case of the latter and sea 


10. W. Greene, Amer. Journ. of Physiol. u. p, 82. 1898; Cushing, ibid. v1. p, 77. 
1901. 

2 Calculated from Abderhalden’s results, Zeit. fiir Physiol. Chemie, xxv. p. 106. 1898. 
The lower percentage of Ca in serum may be accounted for by the removal, through the 
formation of fibrin, of some of the Ca of the plasma, 

* From recent determinations by the author. The animals which furnished the blood 
had undergone ecdysis shortly before, and this may account for the large proportion of 
lime, which is required in excess for the reconstitution of the skeleton in these forms. 
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water. These can hardly be mere coincidences and they seem to 
indicate that the proportions in plasma are an ancestral feature derived 
from a form which had its habitat in the ocean in the earlier geological 
periods when ocean water was very much less rich in salts of magnesia 
than it is now. Just as in the Meduse of to-day the gastro-vascular 
fluid is but sea water, so in the ancient oceanic prototypes of the 
Vertebrates and of Invertebrates which are provided with a distinct 
circulatory system, the fluid in their vascular channels which com- 
municated with the exterior was probably but modified sea water as 


_ regards its inorganic constituents, and in the long period of time 


during which the forms were exposed to the conditions of such an 
environment a physiological relation between the tissues’ and the salts 
in their vascular fluids, in the proportions occurring in their environment, 
became so fixed and established that it was of necessity transmitted to 
the descendant forms living in different habitats, whether on land or 
in fresh water. 

The low proportion of magnesium to sodium in vertebrate blood and 
the high proportion found in sea water as well as in Aurelia and Cyanea 
seems to indicate that the proportions in serum were established when 
magnesia was much less abundant in the sea than it is at present. 
The tissues of the jelly-fishes have after millions of years gradually © 
accommodated themselves to the high and continuously increasing 
magnesium content of the ocean, but such a high proportion of 
magnesium in serum or in Ringer’s fluid soon ~—— the frog’s heart 
to a standstill. 

Tt may be urged, as has been done by Leek that Na-ions alone are 
poisonous and that in order to antagonize their poisonous action in 
tissues Ca- and K-ions must be present. He holds indeed that it is the 
ions of the two latter elements which deprive the Na-ions in ocean 
water of their poisonous effect on animal life’. To adopt this explana- 
tion and to employ it in the attempt to understand the question of the 
action of the salts on living structures is to obscure as well as mistake 

s The tissues of course do not contain the elements in the same proportions. Compare 


with the proportions found in dog’s plasma those found in the muscle of the same animal 
(Julius Katz, Pfliiger’s Archiv, xm. p. 1. 1896): 


Na Ca K Mg 
100 7°26 354:1 25°1 | 
As the proportions for the different tissues are unlike no explanation can be advanced for 


these ratios. The proportions for the plasma in different vertebrates vary only to s small 
extent. 


* Amer. Journ, of Physiol. m1. p. 827. 1900; also loc. cit, 
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the significance of the problem. The animal cell after ages of exposure 
to an environment in which the three elements are present in certain 
proportions has adjusted itself to them. Accordingly when the salts of 
two of these elements in a certain proportion cause results of the action — 
of the third element to disappear the proper explanation is that the 
physical conditions to which the living organism has been subjected 
for ages have been approximately reproduced in such a mixture of 
solutions. The expressions, “poison” and “poisonous,” consequently 
afford no explanation whatever of the phenomena under consideration. 

It is claimed by Loew?’ that the high selective capacity of animal 
and vegetable organisms for potassium is due to the fact that its salts 
favour chemical condensation processes which sodium and its salts do 
not assist. One may admit this but it does not explain why the cells 
of Meduse specially pack away the salts of potash in the inert or dead 
jelly*. If the cells in these forms retained the potash salts or if the 
latter were present in excess only in the muscle fibres—which is 
improbable, seeing how small a portion of a Medusa the muscle tissue 
_is—Loew’s hypothesis might suffice, but in the light of all the facts is it 
not more reasonable to suppose that the phenomenon is the result of 
a physiological habit of ancestral origin ? 


VI. THE LESS ABUNDANT INORGANIC CONSTITUENTS. 


There are other inorganic constituents in the jelly of the Meduse 
just as there are in sea water. Of these the more important are salts 
of iron and aluminum and silica. Their quantities are so small that 
in estimating the total salts in both sea water and the juices they 
are left out of consideration as practically not affecting the sum. 

Determinations of their amounts were, however, made. In the case 
of sea water ammonia was added to render it strongly alkaline, and 
the mixture was then allowed to stand for several days, when the 
greater part could be decanted from the precipitate, which was colleeted 
on a filter, washed with dilute ammonia and then dissolved in hot 
dilute hydrochloric acid. The solution contained lime, magnesia, 
alumina and ferric oxide. It was again rendered alkaline with 
ammonia, then heated to expel all traces of ammonia, in order to 
redissolve the precipitated lime and magnesia and leave undissolved 


1 Pfliiger’s Archiv, xx. p. 510, 1880; also Bulletin No. 18, 1899, U.S. Dept. Agric., 
Division Vegetable Physiology and Pathology. 


? There are in Aurelia, but not in Cyanea, cells sparsely scattered in the jelly. 
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the ferric oxide and alumina, which were filtered off, washed several 
times with hot water and estimated. The silica should have been 
retained on the first filter, but the latter on combustion gave an almost 
inappreciable increase in weight over the value ascertained for the ash 
of the filter and it was therefore disregarded. 

In the case of the juices the same method was adopted after 
the organic matter in them had been destroyed with sulphuric and 
nitric acids as in Neumann’s’ method or with sulphuric acid only in a 
Jena glass bulb flask. Combustion with the latter acid alone also 
permitted, after reduction with pure zinc, the titration of the iron with 
a dilute standard solution of potassium permanganate. 

It was found impossible to get enough of the precipitate after the 
second filtration to determine with certainty whether the juices 
contained aluminum or not, but if one may judge from the results 
of parallel estimations of the “ sesquioxides” by the gravimetric method 
and of the iron by the volumetric method there is no alumina in 
Aurelia or Cyanea. On the other hand there is a comparatively 
large quantity of residue insoluble in hot hydrochloric acid which 
may be put down as silica. This, however, may be, in part at least, 
an accidental constituent due to the retention of small quantities 
of sand particles, siliceous skeleta of Protozoa, etc., in the gullet 
and gastro-vascular channels of the animal, and mingled there with 
the food particles. I have noticed frequently that an Aurelia which 
had been freed from adherent and contained sea water, on liquefying 
produced more or less of a gritty sediment, no doubt originating from 
the gastro-vascular system. It would, nevertheless, be unsafe to assume 
that all the silica found comes from this source and that none of it is 
natural to the “jelly” itself, for the occurrence of silica in sponges 
and some Coelenterata and Protozoa indicates that the animal cell may 
take up and utilize the silica of sea water. 

The sea water used was that which had been allowed to stand 
for‘some weeks and had a deposit. The latter was not used or admixed 
with the solution. It contains iron and no doubt some of it was 
in solution when the water was collected, but, and this is important, 
some portion, perhaps a very large portion, was associated with the 
organisms that were in the water. In making an estimation of the 
iron of sea water the iron from the latter source was neglected 
altogether, although perhaps it should be taken into account to explain 


1 Loe. cit.. 


& 
4 
2 
% 
> 
4 
4 
4 i 
4 
> 
| 
a 
cif 
~ 
4 
4 
rd 


INORGANIC COMPOSITION OF MEDUSZ. 237 


the differences in the amount of the iron in the Aureliz from the two 
points. This may possibly be the reason for the small quantities 
of iron found in the sea water as compared with that given for —_ 
Sea water by Thorpe and Morton’. 


St Andrews, sea water, iron (and alumina), 0:00006 p.c. 
is Aurelia, iron, 0:°0036—0-004 p.c. 
Canso, sea water, iron (and alumina), 0:000098 p.c. 
Residue insoluble in hot HCI, 0:00106 p.c. 
(Thorpe and Morton, iron in water of Irish Sea, 0-0003255 p.c.) 
-Canso, Aurelia, iron (gravimetrically 0°0007 p.c. 
(volumetrically), 0-00087 p.c. 
Residue insoluble in hot HCl, 0:00122 p.c. 
Canso, Oyanea (juice), iron, 0-001796 —0-00207 p.c. 
Iron (in alcoholic specimen), 0°00393 p.c. 
_ Residue insoluble in hot HOl, 000248 p.c. 


The phosphoric acid found in both Aurelia and Cyanea after 
combustion of the organic matter by Neumann’s~ process was 
determined according to that observer's method also. Only a small 
portion of it exists in inorganic combustion, the rest being derived 
from nucleo-proteid and lecithin. The total amount found for Aurelia 
juice was 0013314 p.c., for Cyanea juice 0°030315 p.c., and for an 
alcoholic specimen of Cyanea of known weight intact and sexually 
mature, 0°03603 p.c. The difference between these two estimations for 
Cyanea is due to the fact that in the juice there is an average of 
a large number of Cyanea, whereas a single sexually ripe specimen 
is richer than the average in cellular elements and therefore also 
in phosphorus-holding compounds. 

In regard to the brornine, whatever is present in Aurelia and Cyanea 
is included under the chlorine as total halogen. The amount in sea 
water according to Dittmar is only? 0°3402 p.c. of the total halogen, 
and it would in the Aureliz from Canso with a total halogen of 1°723 
thus be 0°00586 pc. Such an estimate would scarcely affect the 
consideration of the total halogen as pure chlorine to serve as a 
basis to obtain relative results. | 

In determining the presence of iodine, two litres of sea water, the 
salinity of which was 2°417 p.c., were rendered slightly alkaline by the 
addition of solid potassic hydrate, free of course from iodine, and the 
mixture was then evaporated until about 100 c.c. only remained. This 


1 Chemical News, xx. p. 182, 1870. ? 2 Loe. cit, 
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briny liquid was then treated \after Koettstorfer’s method for iodine 
which was estimated colorimetrically and about 0000025 grm. was 
found. This determination was repeated several times with the same 
result. The amount found is equivalent to 0:0006 in 50 litres’. 

In attempting to estimate the iodine in Aurelia and Cyanea other 
methods had to be employed. The proteid and organic matter in the 
juices from these had to be destroyed before the iodine could be sought 
for. In the earlier series of trials for the best method the proteids were 
precipitated with alcohol and filtered off. The filtrate was concentrated 
by evaporation and Koettstorfer’s method was used to determine 
the amount of iodine present. None was found. The alcoholic pre- 
cipitate was then heated with concentrated sulphuric acid in a flask 
attached to a condenser and the heating was prolonged until the acid 
became colourless. The distillate, which was received in a solution 
of sodic carbonate, was concentrated to a small volume by evaporation 
and tested after Koettstorfer’s method for iodine, but none was 
obtained. | 

In consequence I concluded at first that there is no iodine in 
Aurelia and Cyanea, although it is present in determinable quantities 
in sea water and above all, in the vegetable micro-organisms which 
constitute a large part of the food of these forms*, but it did not appear 
clear why it should be absent from the tissues of jelly-fishes, and for 
that reason I made further attempts to determine whether the negative 
results could be relied on. About 2 litres of Aurelia juice were 
rendered strongly alkaline with pure potassic hydrate (free from iodine) 
and evaporated down to dryness in a nickel dish and then subjected to 
a low heat over a Bunsen flame till all or nearly all the organic matter 
was destroyed. The residue was extracted with hot water several times 
and the solutions obtained were then concentrated by evaporation and 
treated after the method of Bourcet’ for iodine. The result was the 
demonstration of this element in a quantity less than 000001, or 
000025 per 50 litres. This experiment was repeated twice and 
practically the same result was obtained. The iodine so demonstrated 
does not appear to be combined with the proteids of the juice, for when 
the latter were removed by precipitation with alcohol the filtrate gave 


’ For other estimations of iodine in sea water cp. Koettstorfer, Zeitsch. f. anal. Chem. 
p. 305. 1878; Dittmar, loc. cit.; and Gautier, Comptes Rendus, cxxyut. p. 1069. 1899. 

2 Vegetable micro-organisms also probably constitute the source of the iodine in sponges 
which are fed largely by the dead pelagic forms which descend to the sea floor. 

Comptes Rendus, cxxvun. p. 1120. 1899. 
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with Bourcet’s method as marked an indication of the presence of 
iodine as the juice itself. | 

I had not, unfortunately, a sufficient quantity of Cyanea juice at my 
disposal to enable me to determine with Bourcet’s method whether it 
contained iodine and in what amount. I had, however, a quantity 
of precipitated proteid from this form and I employed it, instead of 
the juice, for this purpose, but did not succeed in finding any iodine 
in it, 

'I am not inclined to conclude from these determinations that 
iodine does not occur as a proteid compound in the Medusa, for such 
a compound may obtain but not be demonstrable owing, perhaps, to its 
occurrence in very minute amounts. It must be noted that the total 
amount of proteid in Aurelia is very small, ranging between one-seventh 
and one-eighth of 1 p.c. of the total weight of the organism and © 
consequently in 2000 c.c. of juice from this form there would be a little 
more than 2°6 grms. of proteid of all kinds. If a large quantity of 
these proteids could be examined for iodine the latter might or might 
not be found and in quantities sufficient for its determination, but until 
_ that is done it is well to reserve one’s opinion. 

The fact that in the Porifera there is comparatively a ae quantity 
of iodine and apparently very little in the Meduse should not cause 
surprise, for in the Porifera there is an intra-cellular digestion of iodine- 
containing food, whilst in the Meduse digestion is not intra-cellular, 
but seems to. depend on physical processes of solution acting on the 
food matter in the gastro-vascular channels. 

One finds, on the other hand, a difficulty im explaining why the 
salts of the juices of Aurelia and Cyanea should contain less iodine than 
does the sea water in which they develop and live. Do the cells lining 
the gastro-vascular channels in Meduse reject the iodides in sea water 
as they do the sulphuric acid? That question can probably be answered 
only after a careful examination has been made of a very large _—" 
of material from various sources. 


VII. SUMMARY OF CONCLUSIONS. 


The results of the determination of. the inorganic composition of 
Aurelia and Cyanea may be summarized as follows: 

1. The degree of salinity of these forms, as indicated by the amount 
of total halogen, may be, and usually is, different from that determined 
in the sea water from which they were taken, and even the degree of 
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salinity in the two forms, though found in the same sea water and on 
the same day, is not the same. 

2. In specimens of Aurelia flavidula taken from sea water the | 
salinity of which changes greatly in twenty-four hours through tidal — 
currents, the halogen differs only to the extent of a fraction of one p.c. 
of the total from that found in specimens taken from sea water which 
changes in salinity only with the depth from which it is taken, and 
then only to a minor extent comparatively. In other words the salinity 
of the medium may vary widely without affecting, except to a small 
extent, the salinity of the organism. 

8, The salts once deposited in the jelly of the organisms, so 
long as these are living and the medium is sea water, do not appear 
to be affected appreciably by the osmotic pressure and the salinity, as 
indicated by the total halogen, would appear to be due to additions 
merely from the salinities of the various sea waters in which the animal 
has lived. 

4. As regards each of the constituents more especially, taking the 
total “halogen as the standard, the sodium is slightly less and the 
potassium considerably more than in sea water. In the two forms the 
amounts of potassium determined are in the proportion which exists 
between the amounts of proteid nitrogen found in them. Also while 
the lime is present practically in the proportions found in sea water, 
the magnesia is less and the deficiency may reach 10 p.c. (Cyanea). 
Further the sulphuric acid (SO;) is deficient to the extent of 
32—36 p.c. 

5. These results indicate that the cells lining the gastro-vascular 
channels, and perhaps also to some extent those covering the organisms, 
exert a selective action in absorbing the salts of sea water and that the 
selective action varies, being more vigorous in the case of some con- 
stituents than in others. This selective action is referable to the cells 
considered as living units. | 

6. The different selective power shown for each constituent may be 
explained by reference to the history of those constituents in the ocean. 
The lime and potassium, it seems, though constantly being’added to the 
ocean by river water, are as constantly being removed therefrom, and in 
consequence ages ago must have approximated to their present quan- 
tities in sea water, while the magnesia and the sodium not being so 
removed, or removed only in very small quantities, though being con- 
stantly added, have therefore been steadily increasing in amount since 
the earliest geological period. The cells of these Medusz have, on this 
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view, long ago accommodated themselves to the lime and the potassium, 
and they have been and are now accommodating themselves to the 
_ sodium and the magnesia, but as these are increasing in amount, the 
_ degree of accommodation is always behind the rate of increase. 

7. The inorganic composition of these Meduse, on this view, reflects 
to a certain extent the composition of the ocean water, not only of 
to-day but also of past, perhaps very remote, geological periods. 

8. As regards other i inorganic constituents the iron is more, and 
the iodine less, abundant than in sea water. The iodine does not 
appear to be associated with any compound which can be precipitated 
by alcohol. 
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THE EFFECTS OF INTRAVASCULAR INJECTIONS OF 
EXTRACTS OF ANIMAL TISSUES'. By SWALE 
VINCENT anp WILLIAM SHEEN. (Twenty-four Figures — 
in Text.) 


(From the Physiological Laboratory, University College, Cardiff.) 
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1. Introductory. 
THE effects produced by extracts of different tissues when injected into 
the blood vessels of a living mammal are not merely of pharmacological 
interest : the chemical interaction of certain tissues with others more 


or less remote is only at the present time understood in a few isolated 
cases’, It must not of course be rashly assumed that whenever an 


extract of a tissue introduced artificially into the circulation produces 


a distinct physiological effect that the production of a substance or 


1 The expenses involved in this research have been partly defrayed by a grant from the 
Government Grant Committee of the Royal Society. 

2 Thus the medulla of the suprarenal capsule manufactures a substance which is 
poured into the blood-stream and probably helps to maintain the tone of muscular 
structures throughout the body (Oliver and Schafer, This Journal, xvut.-p. 230, 1895) 
and may control in some way or other glandular secretion (Langley, This Journal, 
xxvul. p. 237, 1902). A more recent example of this chemical interaction is the discovery 
by Bayliss and Starling of what we may call the chemical mechanism of pancreatic 
secretion (This Journal, xxvim. p. 325, 1902). 
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substances with a similar effect is one of the normal functions of the . 
living tissue. At the same time we think that a general survey of the 
results produced upon a living animal by the injection into its vascular 
system of various tissue extracts is likely to be of some value, both in 
regard to observations of the general physiological effects induced and 
_ the specific physiological effects of tissue upon tissue. 

We have already made a preliminary communication on this subject’, © 
and although our researches have now extended over the greater part 
of a year they cannot be regarded as completed. Certain new facts 
have however come to light, and since the series of experiments has had 

to terminate we have thought it desirable to a an account of the 
work. 


2, Mode of Preparation of Extracts, and Methods employed. 


The extracts employed were made from the tissues of various 
animals*, The names now given to the various extracts will be used 
throughout this paper. 

1. Saline Decoction. (This was the form of extract most often 
employed.) A weighed quantity of the fresh moist tissue was ground 
in a mortar with sand, three times as many c.c. of ‘9°/, normal saline 
solution being added as there were grammes of moist tissue; this 
“1in 3” extract was employed throughout. After thorough trituration 
the mixture was boiled with the addition of a few drops of dilute acetic 
acid. It was then filtered, and the filtrate after cooling, and filtering 
again if necessary, used for injection. 

When, as sometimes happened, the final filtrate was not used at 
once, it was sealed with a plug of cotton-wool while boiling in a glass 
flask, to ensure sterility, and filtered again if necessary immediately 
before use®, 

2. Proteid Eatract. Made like the saline decoction except that 
the mixture was filtered without boiling or-the addition of acid. The 
filtrate was always used at once. 

3. Alcoholic Eatract. The fresh moist tissue was pounded in 


2 Dogs’, cats’ and rabbits’ tissues were usually clad shine those of the 
pig, ox, sheep and pigeon. We have seen no reason to suspect any specific effects with 
these extracts, ¢.g. the action of dog’s brain extract upon dog differed in no respect from 
the action. of other brain extracts upon the same animal. 

* The freedom of these decoctions from proteid or nucleo-proteid was occasionally 
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a mortar with absolute alcohol and sand, and left in contact with alcohol 
for some hours. The mixture was then filtered, the filtrate evaporated 
to dryness and the residue taken up with ‘9°/, normal saline solution, 
three times as many c.c. of this fluid being added as there were originally | 
grammes of the moist tissue. The fluid was filtered again and used. 

4. Ether Eztract. Prepared in a similar way to the alcoholic 
extract except that methylated ether was used instead of alcohol as the 
extracting agent. 

Methods. Dogs, cats, and rabbits were employed for the purposes of 
the experiments. Anasthesia was induced by the A.C.E. mixture, and 
maintained by the same substance and by morphia. In a few cases 
curare was used in addition. 

The blood-pressure was taken from the carotid artery and recorded 
in the usual way by a mercurial manometer. The saphenous vein or 
one of the forelimb veins was employed in the dog, and the jugular or 
femoral or a forelimb vein in the cat or rabbit. A glass plethysmograph 
containing water at body temperature was used for recording changes 
in the volume of the limb, and for similar changes in the intestinal wall 
an air oncometer was used. Each of these was connected with a 
Marey’s tambour for recording purposes’. The method described by 
Oliver and Schafer was employed for recording the effects upon the 
heart’. A hook is caught in the epicardium of the auricle and another 
in that of the ventricle. From these pass firm threads over pulleys 
moving on @ horizontal axis: the threads then pass vertically downwards 
to be attached to long elastic levers of steel. To the ends of the levers — 
writing points are attached. 

As a usual dose of our extracts we injected the contents of a syringe 
having a capacity of 5c.c. Any variations from this dose are specially 
noted in the text. The dose of extract was washed in by 5 c.c. of “9 ts 
normal saline. 


3. Physiological Effects. 


(a) Nervous Tissue Extracts. Historical. After the discovery of 
certain peculiar cells which stain deeply with bichromate of potash, 
not only in the medulla of the suprarenal bodies but also in the 


1 A piston recorder was not available, and Brodie’s bellows recorder did not give good 
results in our hands. The Marey’s tambour when its inter-pressure was properly regulated 
‘was quite sensitive but somewhat deficient in range. 

2 This Journal, xvut. p. 256. 1895. 
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sympathetic ganglia’, it occurred to Cleghorn’ that an extract 
prepared from sympathetic ganglia intravenously injected might have a 
‘similar powerful action on the blood-pressure to the medulla of the 
suprarenal bodies. But he found on testing the matter that the effect 
produced is, on the contrary, a fall of blood-pressure and not a rise*. 
He thought that this effect was confined to extracts of the sympathetic 
ganglia. Schafer and Moore‘ had previously observed that an extract 
of brain substance when intravenously injected “is usually followed by 
a fall in the blood-pressure.” Mott and Halliburton suggested that 
the depressor substance found by Schafer and Moore was choline’. 
In 1900 Osborne and Vincent’ found that extracts of all parts of the 
nervous system produce a marked temporary fall of arterial blood- 
pressure which can be obtained after section of both vagi and after 
administration of sufficient atropine to abolish vagus action. The 
lowering of blood-pressure is due to dilatation of arterioles, those of the 
splanchnic area being first affected. The depressor substance acts 
directly on the blood vessels and not through the agency of the vaso- 
motor nerves, They came to the conclusion that although choline was 
present in small amounts in their extracts the depressor effect was not 
due to that substance. The reason for this view was that whereas, 
after the administration of atropine to an animal, choline always pro- 
duced a rise of blood-pressure, _— extracts on the contrary always 
_ produced a fall’. 

Nearly a year later Halliburton® published a paper dealing with 


1 Stilling, Anat. Anz. xv. p. 229, 1898; Kose, Sitz.-Ber. des deutschen naturw.- 
medicin, Ver, f. Bihmen, ‘‘Lotos,” 1898, Nr. 6; Kohn, Prager medicinische Wochenschrift, 
xxi. Nr. 17. 1898. 

Amer. Journ. Physiol, 1. p. 472, 1899. 

3 It is interesting to note that Bied) and Wiesel (Pfliiger’s Archiv, xc1. 8, 4384, 1902) 
find that extracts of the “ Nebenorgane des Sympathicus” (Zuckerkand]l) produce the 
same effects upon the blood-pressure as extracts of suprarenal medulla. The material was 
obtained from new-born children and from embryos. - These observers have confirmed the 
observations made by one of us (S. V.) some years ago as to the existence of the same 
active principle in the paired suprarenals of Elasmobranchs and the medulla of the mam- 
malian suprarenal capsule. 

* This Journal, xx. p.1. 1896. 

5 Proc. Physiol. Soc. Feb. 1899, This Journal, xxv. p. ix; Phil. Trans. 1899, pp. 216 
and 242. 

® This Journal, xxv. p. 283. 1900. 

7 See the tracings uced in the paper of Giiaind and Vincent, loc. cit. 

8 This Journal, xxv1."p. 229. 1901. Preliminary communications on the same subject 
had however appeared both by Halliburton and by Osborne and Vincent in the 
Proc. Physiol. Soc. Feb. 19th, 1899. 
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the same sabes His conclusions were the same as those of Osborne 
and Vincent, except that he considered that the effects of nervous tissue 
extracts could be explained on the hypothesis that choline was the 
principal active agent in the solutions used. He arrived at this 
conclusion because in his experiments after the administration of 
atropine neither choline nor nervous tissue extracts produced a fall of 
blood-pressure. | 

Our Eaperiments. It will thus be seen, as Halliburton himself 
states", that the point of difference between his view and that of 


Fig. 1. ‘Fig, 2. 


_ Fig. 1. Dog. A.C.E., morphia. Injection of 5c.c. saline decoction of rabbit’s brain— 


before atropine. Notice the marked increased frequency of heart-beat. Time- 
marker = seconds. 


Fig. 2. Same dog. Injection of 5 ¢.c. of a 2°/, solution of choline inane 
before atropine. Heart frequency unaffected. 


Osborne and Vincent is a fundamental one. For this reason it is 


necessary to lay stress upon a number of new experiments which we 
have performed, which confirm in every respect the results obtained by 


Fig. 8. Fig. 4. 
Fig. 8. (Same experiment.) Injection of 5 c.c. saline decoction rabbit's heii, 
after the administration of 3¢.c, of a 1°/, solution of sulphate of atropine. 
Fig. 4. (Same experiment continued.) Injection of 5,¢.c. of choline 
solution as in fig. 2—after atropine. . 


I loc. cit. 
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Osborne and Vincent, viz., that, whereas before the administration of _ 


atropine both choline and nervous tissue extracts produce a fall of 
blood-pressure, after its administration in doses sufficient to abolish 
vagus action choline produces a rise which is usually marked, while 
nervous tissue extracts produce a marked fall (see Figs. 1 to 5). This 
marked fall after atropine was observed in 26 experiments; in 9 of 
these the contrast between the choline rise and the nervous tissue fall 
after atropine was noted. The point was tested on dogs, cats, and 
rabbits. The extracts were saline decoctions usually made from the 
brains of rabbits, sometimes from those of dogs or cats. Figs. 1—4 are 
a typical series of tracings from adog. Figs. 5 and 6 show the results 
after atropine in a cat and rabbit respectively’. How are we to account 
for this serious discrepancy in experimental results? Halliburton lays 
no inconsiderable stress upon the chemical evidence of the existence of 
choline in the solutions employed. This is a point that we did not test, 
the present matter at issue being, not whether or not choline is present 
in these solutions, but whether it is the active substance present. 


Halliburton surmised that the extracts of Osborne and Vincent . 


“contained more nucleo-proteid than they bargained for ” and more than 
his “ happened to contain*.” In our own experiments at any rate we 
took every precaution to avoid the presence of proteids of any kind 


‘Fig. 5. Oat. A.C.E., morphia, atropine. 
1st injection= choline. 
= brain decoction. 


in our saline decoctions (vide supra). Halliburton’s experiments 
were performed exclusively on cats. We particularly noted in cats 


1 In a minority of our experiments we observed that the fall of blood-pressure after 
atropine was not so great as before, but in these particular experiments the atropine had 
caused considerable lowering of the general blood-pressure and therefore one would not 
expect depressor effects to be so marked. 

® loc. cit. p. 241. It is difficult to see how this would explain the difference in results. 


As @ matter of fact the nucleo-proteid fall would be less likely to be persistent than that 


due to the characteristic depressor substance in brain extracts. 
16—2 
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accompanying the general lowering of blood-pressure some diminution 
of the fall after administration of atropine, but it was never completely 
abolished. Fig. 5 is from the experiment in which the least amount 
of contrast between choline and extract was obtained’. 

The saline decoctions used by Halliburton for the purpose of his 
experiments were weaker than ours (1 in 5 H., 1 in3 V.&S8.)* He 
sometimes gave 3 cc. and sometimes 5 c.c. of his solutions’, i.e. his 
usual dose was a little more than one-third, or a little more than one- 
half that of ours. This small dose might possibly have no effect in an 
animal whose blood-pressure was lowered both by full doses of atropine 
and also possibly by lessened capability to react at the end of a long 
experiment, 


Fig. 6. Rabbit. A.C.E., morphia, atropine. — 
1st injection = brain decoction. 
2nd_s,, = choline. 
It will be observed that the brain fall is very marked, but that the 
choline rise is preceded by a sharp fall. | 


Is it possible that variations in the dose of atropine may explain the 
discrepancy? Our animals were undoubtedly effectively atropinised. 
We indeed tried to obtain Halliburton’s results by giving large doses 
of atropine alternately with small doses of the nervous tissue extract, 
but have never succeeded in doing so; we obtained a marked fall of 


1 In one experiment (on a rabbit) we obtained an anomalous result. The difference 
between choline and nervous tissue extract was evident even before the administration of 
atropine, inasmuch as instead of a fall the choline gave a marked rise of blood-pressure 
while the extract gave the usual fall. After atropine the usual results occurred (Fig. 6). 

loc. cit. p. 231. 

5 loc. cit. pp. 231 and 238, 
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blood-pressure with the injection of only five-sixth c.c. saline decoction — 
of brain (one-sixth our usual dose) after full doses of atropine. 

It is obvious that, If by any means one can bring an animal 
into such a condition that it reacts differently to choline 
and to nervous tissue extracts, then the action of the latter 
cannot be due to the presence in them of the former, and 
such a condition can be easily and uniformly induced by the 
administration of moderate doses of atropine’. 


Fig. 7. Dog. A.O.E., morphia. Injection of 5¢.0. alcoholic extract of rabbit's brain. 


We find then that saline decoctions of nervous tissues contain 
a powerful depressor substance* On a few occasions with these 
decoctions a double effect’ is produced, a distinct rise preceding a more 
marked fall of the blood-pressure (vide infra, Proteid extracts). Alco- 
holic extracts contain a substance with a marked depressor effect which 
is apparent both before and after atropine (Fig. 7). We never noted 


1 Schafer and Vincent found that the depressor substance contained in extracts 
from the infandibular portion of the pituitary body produced its usual effect both before 
and after atropine. (This Journal, xxv. p. 87. 1899.) 

Sot the of eallowed our éxtrecte to bespme stale or 
even to putrefy, or we injected extracts made from stale or putrid tissues. Under all 
these circumstances we obtained a fall of blood-pressure neither more nor less marked, 
generally speaking, than that obtained with extracts of fresh tissues. 

* In all cases where tissue extracts produced this double effect an equal bulk of saline 
solution was injected as a control. 
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a double effect with alcoholic extracts. We did not find con active 


principle in ether extracts of the moist tissue’. 

Ether Extract of Alcoholic Extract. When the nervous keen) was 
extracted by alcohol, the alcohol evaporated, and the residue left after 
the evaporation of the alcohol, taken up with ether, the ether again 
evaporated and the residue taken up with ‘9 °/, normal saline, the filtered 
extract thus obtained, whether unboiléd or boiled and cooled, was found 


Fig. 8. Dog. A-C.E., Injection of 5 c.c. 
of ‘slocholic extract of brain. 


to have a powenied depressor effect (Fig. 8). This was constant and was 
observed in five experiments. We note therefore the curious result 
that although ether cannot apparently extract the depressor substance 
direct from the moist tissue, it can dissolve it after it has been previously 
removed from the tissue by means of alcohol’. 

_ We further noted a temporary “immunity” effect with nervous 
tissue extracts, the fall of blood-pressure becoming less and less with 


repeated injections (Fig. 9). If time be then given for the animal to | 


1 Osborne and Vincent state that the residue left after evaporating off the alcohol 
from an alcoholic extract is completely soluble in ether (loc. cit. p. 290). We believe that 
there is a certain small amount of insoluble material left. 

* If a saline decoction be evaporated to dryness, and the residue extracted with 
absolute alcohol, the residue after evaporation of the alcohol and solution in normal 
saline, has produced marked pressor effects in two experiments (material from sheep’s 


brain) and depressor effects in a third experiment (material from dog’s brain). The 
residue of the saline decoction after thorough extraction with alcohol, will impart to 


normal saline a substance having very marked depresuor effects, and producing very 
pronounced slowing of the heart beat. The contrast between the alcoholic and saline 
extracts is more marked after atropine. | 


| 
| ia 
2 
a 
4 
4 
“4 
i} 
ij 
4 a 
q 
if 
a 
i 
a 
| 
4 
_ 
| 
if 
Sat 
| 
“RH 
| 
4 
Bat 
| | 
i 
adi | 
an 
+4 | 
At 
Ay | 
| | 
| 
| 
| 
7 
4 


EFFECTS OF ANIMAL EXTRACTS. 261 


recover itself the fall of blood-pressure on — will be — to that 
obtained. 


Fig. 9. Dog. A.C.E., morphia. Effect of rapidly repeated injection 
of 5¢.c. ether extract of alcoholic extract of brain. 


“ Proteid” Eatracts. With regard to what we call “proteid 
extracts,” we found that such extracts produce a rise, slight or marked, 


Fig. 10. Dog. A.C.E., morphia. First injection =“ proteid” extract of brain of rabbit. 

Second injection=same extract boiled with a tracé of acetic acid and filtered. A 

‘of atropine and after section of 
both vagi. 


of the blood-pressure (Fig. 10)’. Thid we noted in Gve 
We found that this rise occurs also after the administration of atropine. 
In all these experiments a striking contrast. was noted- between the 


1 Halliburton states that he was able to extract the active principle (depressor) 
with cold physiological salt solution, but that the effect was not so marked as with the 
boiled solution (loc. cit. p. 238). 

2 In one other experiment a slight fall occurred, in another a very pronounced fall, 
probably due to the nucleo-proteid, as the effect could not be immediately repeated. 
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boiled and the unboiled ‘extracts: for if a portion of the same solution 
which produces a rise of blood-pressure is boiled with the addition of 
_a drop or two of dilute acetic acid, filtered, and the cooled filtrate 
injected, a distinct fall of blood-pressure is obtained (Fig. 10); while a 
still more marked fall results when the saline solution with which brain 
substance is still mixed is boiled with acid, filtered, cooled and injected 
(i.e. when a saline decoction made in the ordinary way is used’). On 
one occasion when the extract was made from spinal cord a similar 
contrast was noted. We shall return to the consideration of these 
pressor effects later on. 


Fig. 11. Dog. A.C.E., morphia, curare, artificial respiration. Hind limb in plethys- 
mograph, intestine in air oncometer. Upper curve=limb volume, middle curve= 
volume of intestine wall. Lower curve=carotid blood-pressure. Result of injection 
of 2: 5 c.c. saline decoction of brain. 


_ As for the mode of ‘uals of the extracts, Osborne and Vincent 
found’ that the lowering of blood-pressure by hervous tissue extracts 
is brought about by dilatation of arterioles throughout the body. The 


1 Frequent controls were made with saline and acid only without any effect on the 
blood-pressure. 
loc. cit. p. 286. 
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vascular dilatation in the splanchnic area is so immediate and so 
pronounced as to withhold blood from the more distant limb, thus 
causing in the latter a temporary constriction: a little later the limb 
also participates in the dilatation. We have, speaking generally, 
confirmed these results, finding that the effect on both limb and 


Fig. 12. Dog. A.C.E., morphia, curare, artificial respiration. Upper curve =limb 
volume, middle curve=intestine, lower curve= carotid blood-pressure. Effect of 
injection of 5 .c. alcoholic extract of rabbit’s brain. , 


intestine is one of dilatation, but we have not always found that the 
splanchnic area is more immediately dilated than the hind limb. Thus 
in Fig. 11 the limb is distinctly dilated while the intestine is scarcely 
affected, or if anything shows a very slight constriction. Again, in 
Fig. 12 the limb is dilated while the intestine volume is diminished, 
a dilatation of the splanchnic vessels only occurring later. The limb 
dilatation occurred after alcoholic extracts (Fig. 12), and was observed 
after doses of atropine sufficient to abolish vagus action. In one 
experiment the effect on the intestine was constriction without a sub- 
sequent dilatation. 
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‘Where tnuscle and nervous tissue extracts were contrasted in the 


Fig. 13. Cat. A.C.E., morphia. Injection 
of 5.c. saline decoction striped muscle 
of rabbit. 


same experiment, they were found 
to produce their depressor action by 


| vaso-dilator effects on different areas 


(cf. Figs. 11 and 18): for with muscle 
the limb was constricted and with 
nervous tissue dilated. 

With regard to the action on the 
heart we need only say that our 
results confirm those of Osborne 
and Vincent’, viz. that the extent 
of movement of the auricle lever is 
markedly diminished, a similar effect 
being seen to a less extent in the 
ventricle lever. We have no reason 


to doubt their conclusion that the cardiac changes are secondary to 


those in the arterioles. 


(b) Muscular Tissue Extracts. We performed 26 experiments in 

-which the action of muscle extracts was tested. We found that a depressor 
_ substance is present in muscular tissues. Saline decoctions of all kinds 
of muscle, striped, cardiac, and unstriped, produce when injected into 
the circulation a marked fall of blood-pressure, not however so marked 


Fig. 14. Dog. A.C.E., morphia, atropine. Injection of 5c.c. 
saline decoction smooth muscle. 


wm as that which occurs on the injection of nervous tissue extracts 
(Figs. 13, 14). This fall occurs, as in the case of nervous tissue extracts, 
loc, cit. p. 289. 
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after section of both vagi and after the administration of sufficient 
atropine 'to abolish vagus action. With saline decoctions of muscle we 
observed somewhat more frequently than with those of nervous tissue a 
double effect. When proteid extracts were used this double effect was 
the usual one (Fig. 15), but we also observed a pure rise, never however 
so marked as that which occurs with nervous tissue. When the proteid 


Fig. 15. Fig. 18. 


Fig. 17. 


Fig. 15. Dog. A.C.E,, morphia. Injection of 5 ¢.c. ‘‘ proteid” 
extract of striped muscle. } 

Fig. 17. Dog. A.C.E., morphia, curare, artificial respiration. Upper curve=limb, 

extract of striped muscle. 
Fig. 18. Dog. A.C.E., morphia, curare, artificial respiration. Upper sacebastatliaiuia 
| middle curve = limb, lower curve= carotid blood-pressure. Injection of 5 c.c. saline 

decoction striped: muscle of rabbit. 
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extract was treated like the similar extract of nervous tissue (q.v.) the 
solution only boiled gave results similar to the cold extract: but when 
boiled with the muscle substance (saline decoction) a fall usually 
resulted, being occasionally preceded by a slight rise. We note then 
that the pressor effect is somewhat more persistent with muscle than 
with nervous tissue extracts, but is less in magnitude. 

Alcoholic extracts of muscle always produce a marked fall of blood- 
pressure (Fig. 16). The double effect was not observed. Ether 
extracts gave no evidence of containing any active principle’ (Fig. 17). 


Fig. 16. Dog. A.C.E., morphia, curare, artificial respiration. Upper curve =limb, 
middle curve=intestine, lower curve=carotid blood-pressure. Injection of 5 c.c. 
alcoholic extract of ox muscle. a; 


With regard to the mode of action of the extracts the usual effect 
both on limb and intestine was one of augmentation of volume of these 
parts. The dilatation of the limb is immediate, but with the intestine 
there is a slight diminution in calibre of the intestinal blood vessels 
accompanying the fall of blood-pressure (Fig. 18). In one experiment 
a marked constriction of the limb accompanied the fall of blood-pressure 


1 A. marked was ten cue would from an alecholle 
extract made from the muscle after it had been extracted by ether. | 
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(Fig. 16)". This result should be contrasted with that of nervous tissue 
extract in the same experiment (Fig. 11)*. The dilator effects on limb 
atid intestine were observed with alcoholic extracts and also after the 
administration of atropine. | bi 


Fig. 19. Cat. A.C.E., morphia, Injection of 5 c.c. saline decoction of kidney of 
sheep. Dog’s kidney extract injected immediately afterwards produced a similar 
effect. 


Fig. 22. Same experiment as Fig. 21. Effect of injection of a saline decoction of same — 
kidney as in Fig. 21, i.e. kidney substance boiled with acid saline. 


(c) Kidney Eatracts. Saline decoctions of kidney prepared accord- 
ing to our usual method produce as a rule a marked temporary fall of 
blood-pressure (Fig. 19). This fall-is not. usually so marked as that 


Fig. 20. Dog. A.C.E., morphia. Injection of 5¢.c. saline decoction of kidney of dog. | 
This is a typical kidney effect upon the blood-pressure of a dog. 


1 Possibly the dilating areas were in the other limbs or elsewhere in the body, and the 
limb investigated underwent a passive diminution of volume. 
* In this experiment there was little change in the intestinal volume (Figs. 11 and 16). 
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which occurs with nervous tissue extracts. Frequently a double effect 


-ocours, a rise followed by a fall which may be repeated (Fig. 20), and 


we have in two out of 14 experiments seen a pure rise follow the 


injection of saline decoction of kidney. Alcohol extracts the depressor 


substance, and its effects persist after section of the vagi and the 
administration of atropine. With proteid extracts of kidney we noted 
most frequently and characteristically the double effect, a rise and 
a fall (Fig. 21). The next most frequent condition to occur is a pure 


Fig. 21. Dog. A.C.E., morphia. First injection=“‘proteid” extract of kidney. 
: Second injection = same extract boiled. 


rise. On one occasion a fall resulted and on another the line of blood- 
pressure was.unaltered. Where the double effect occurs the rise is the 
more marked feature, and speaking generally there is with kidney 
extracts even more than with those of muscle or nervous tissue, 
distinct evidence of the presence of a pressor substance. 

As with muscle and nervous tissue we noted that the pressor effect 


_ was more likely to persist when the extract used for injection was boiled 
_ after filtering, than when it was boiled first and then filtered. This is 


well shown by the series of tracings in Figs. 21 and 22. 

Tigerstedt and Bergman state’ that a substance may be extracted 
from the kidneys of rabbits which when injected into the blood vessels 
of a living rabbit causes a rise of blood-pressure. They get the same 
effect. from the blood of the renal vein. They conclude therefore that 
a substance, for which they suggest the name “renin,” is normally 
secreted by the kidney into the renal blood, and that ‘this. substance 
causes a vaso-constriction. It will be seen from what we have written 
that we have been able to some extent to corroborate this, inasmuch 
as we have found distinct evidence of the existence of & pressor 
substance in the kidney. Tigerstedt and state that this 


1 Shand. Archie fitr Phystologie, vm. 8. 223. 1998. 
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pressor substance is destroyed by boiling, and it is certainly true here 
as with other tissues, with the exception of suprarenal medulla and 
pituitary infundibulum, that if the extract is thoroughly boiled with 
normal saline the more is one likely to get a depressor effect from it. 

_ In regard to the mode of action of kidney extracts, accompanying 
- the usual fall of blood-pressure produced by a saline decoction we 
invariably found that the blood vessels of the splanchnic area are con- 
stricted, showing that the fall must be produced by dilatation of vascular 
areas elsewhere ; thus the limb lever rises (Fig. 23), 


Fig. 28. Dog. A.C.E., morphia, curare, artificial respiration. ‘Injection of 5c.c. saline 
decoction kidney of ox. Upper curve=intestine, middle curve=limb, lower curve= 
carotid blood-pressure, 


(d) Liver Extracts. Saline decoctions of liver produce a marked 
temporary fall of the blood-pressure. The fall is lessened but not 
abolished by the administration of atropine. In one experiment in 
which proteid extract of liver was tried it also produced a distinct fall, 
___(@). Spleen Eatracts. Oliver and Schafer’ found that by spleen 
extract the blood-pressure is at first lowered and then somewhat raised. 
This never occurred in our experiments. With saline decoctions we 


1 This Journal, xvi. 3, p. 277. 1895. 
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obtained a marked fall. With proteid extracts a much smaller but still 
distinct fall occurred. 3 | 

(f) Intestine Extracts. Bayliss and Starling’ have already 
described a depressor substance as present in extracts of the mucous 
membrane of the intestine quite distinct from their “secretin.” Our 
extracts were made both from the separated mucous membrane and from 
the entire thickness of the gut wall, and the general result obtained is 


Fig. 24. Dog. A.€.E., morphia, curare, artificial respiration. Injection of 5c.c. saline 
decoction made from the whole thickness of intestine of dog. Upper curve=intestine, 
middle curve = limb. i) 


shown in Fig. 24. With regard to the mode of action of these extracts 
the limb lever rose in each case with the fall of blood-pressure. The only 
definite result obtained with the intestinal lever was a fall, but this was 


1 This Journal, xxvut. p. 330. 1902, 
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not of constant occurrence, The effect of proteid extract was tried on 
one occasion, when a much slighter fall than that obtained with saline 
decoction was observed. _ 

(g) Other animal tissue extracts. We also investigated the effects of 
extracts of testis’, pancreas and ovary. We obtained with each a fall of 
blood-pressure on the injection of a saline decoction. A strong ovarian 
extract produces a very prolonged lowering of the blood-pressure. The 
pancreatic effect was also obtained after the administration of atropine. 
On one occasion a saline decoction of lung was injected and produced a 

marked fall of blood-pressure. 


4, The effect of injection of animal tissue extracts on the heart. 


An examination of our tracings shows that, speaking generally, such 
an injection into the circulation produces a quickening of the pulse rate. 
This is well shown in several of the tracings reproduced in this paper 
(Figs. 1, 3)*, though the opposite effect occurred in some cases (Fig. 24). 
These results however were by no means constant, and not infrequently 
the frequency remained unaffected. The extent of movement of auricle 
and ventricle as recorded by the heart-levers was diminished in the case 
of nervous extracts, the auricle being more affected than the ventricle. 
The same occurred, though not ees: with aaa tissues. 


Te queton tothe existence in al 
animal tissues. 


In a footnote to our preliminary communication* we stated that 
“suprarenal medulla and the infundibular portion of the pituitary 
body appear to be the only animal tissues which yield a pressor 
substance.” We have shown in this paper reasons for altering this 
opinion. With nearly all the tissues we employed we had evidence, 
in some cases distinct in others only suggestive, of the presence of 
a pressor substance. The pressor effect is most marked with extracts 
of nervous tissue, of muscle and of kidney, and is best obtained from 
extracts made with cold saline solution’. Although a pure rise may 


1 Cf. Dixon. This Journal, xxv. p. 244. 1901. 

It is noteworthy in comparing Figs. still foxther between 
the mode of action of nervous tissue extracts and of choline is shown. or 
quickens the heart-beat, while the latter does not affect it. 

3 loc. cit. 

‘ 4 With spleen extracts Oliver and Schifer obtained a double effect. 
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result, the most characteristic result with these “proteid extracts” 
is a double one, a rise followed by a fall of blood-pressure. Boiling the 
filtered. extract tends to enhance the depressor and mask the pressor 
effects, while if the tissue itself be boiled with saline, the filtering taking 
place subsequently, the depressor effect is most usually the only one to 
be observed. | 

Our experiments with other tissues have not been sufficiently 
numerous or varied to enable us to make such definite statements, but 
with liver, spleen and intestine extracts we noted that the fall of blood- 
pressure with the unboiled is much less than with the boiled extract. 
Boiling either tends to destroy the pressor substance or to extract more | 
of the depressor substance, or both of these factors may be concerned in 
the result. 

In the case of brain extract the contrast between the. effects of 
a proteid extract and a saline decoction is well shown in Fig. 10. 

We have not investigated the effects of proteid extracts of pancreas 
or of testis. With regard to testis Dixon has shown’ that extracts 
made with saline solution at the body temperature may produce a rise 
of blood-pressure in the goat. In other animals he sound only depressor 
effects. 

The depressor effects of extracts of thyroid* and thymus* are known, 
but we have been unable to find any record of a pressor effect. 

The presence of both a pressor and a depressor substance in 
pituitary extracts was shown by Schafer and Vincent‘. We know 
too that even in the medulla of the suprarenal body a depressor 
substance is present, the effect being manifested on injection of very 
small doses of the extract’. : 

The pressor effect seems to be less in degree, of a more fleeting 
character, and consequently more difficult to obtain than the depressor 
effect. The former might easily be missed unless the extracts were 
made in various ways and a long series of experiments undertaken. 
The strength of the extract, the dose given, and the stage in the 


1 loc. cit. 

Schafer. Brit, Med. Jour, 1895, p. 3438. 
Svehla. Wiener med. Blitter, 1896, p. 919. 

4 This Journal, xxv. p. 87. : 

5 Moore and Purinton. Pfliger’s Archiv, 81, 1900, S. 488. These observers 
_ however do not attribute the depressor effect of minute doses of suprarenal to a separate 
substance, but consider it the result of the peculiar action of the recognised active 
principle of the gland when administered in minimal quantities. See also sass Amer. 
Jour. of Physiol. m. no, iii. 1899. 
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experiment at which it is given are all possible factors which may 
determine whether a pressor or a depressor effect is produced, eg. with 
suprarenal extract, the depressor effect is only shown with minute doses, 
while with pituitary the pressor effect is only produced by the initial 
dose, all subsequent injections giving depressor effects’. Further 
investigations are required on these points. 

The best way of obtaining the pressor substance from any tissue 
and of more or less separating the pressor and depressor substances in 
that tissue appears to be by extracting the absolutely fresh tissue with 
physiological saline solution, and after thorough trituration and allowing 
to stand for a few moments, filtering. From this extract we should 
expect a pressor or a mixed effect*. The tissue substance with the fluid 
still left on the filter-paper is then thoroughly boiled with the addition 
of a few drops of dilute acetic acid: from the extract so prepared after 
filtering and cooling we should expect a marked depressor effect’. 

Our results we think justify us in making the following provisional 
suggestion. All glandular tissues and probably all animal 
tissues contain both a pressor and a depressor substance, 
the former being usually extracted by saline solution at 
ordinary temperatures, while the latter is extracted by boil- 
ing saline solution, which either destroys (wholly or partly) 
the pressor substance or masks its effect by producing more 
of the depressor substance‘. 


6. The question as to the existence of specific vaso-dilator and 
constrictor substances in extracts of animal tissues. 


Bayliss and Starling have put forward the suggestion “that the 
products of certain tissues would be found to act as vaso-dilators only 
for certain tissues in functional relation to those in which they arise, 
or at all events would act to a greater degree on these tissues than on 


1 This at any rate applies to cats (Schafer and Vincent, loc. cit.). 

2 In the case of thymus and brain I have in a series of recent experiments not obtained 
this pressor effect nearly so often as previously. 8. V. 

3 It should be noted in this connection that alcohol in our experiments gave no 
evidence of being able to extract the pressor substance. 

4 A striking but apparently the only exception to this is of course the medulla of the 
suprarenal capsule. We have not, except in the case of nervous tissues, discussed the 
chemical nature of the active substances. The inorganic salts of the various tissues may 
possibly in some cases help to bring about the results observed. But in a few experiments 
with tissue ash we have obtained negative results, and we find that potash salts in the 
amount existing in nervous tissues for any appreciable lowering of 
the blood-pressure. 
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the rest of the body in general’,’ In two experiments they obtained — 
results which tended to confirm their view, so far as extracts of intestine 
were concerned. The action of other tissue extracts, e.g. muscle, kidney, 
' ete. they do not mention, and presumably have not tried. 

Now on looking at our four most typical tracings we observe results 
which do not tend to confirm this view (Fig. 12, Nervous Tissue; Fig. 
20, Striped Muscle; Fig. 24, Kidney; Fig. 27, Intestine). We see in 
all these tracings an almost identical result, viz. accompanying the fall — 
of blood-pressure an immediate dilatation of the limb, while the 
intestine at first follows passively the blood-pressure curve, and later 
undergoes a dilatation, marked and prolonged, except in the case of 
intestine extract, where it is so slight as to be scarcely noticeable. Thus 
with intestine extract we have obtained exactly the opposite result 
to that which Bayliss and Starling figure’. 

We are not however disposed to deny the existence of specific vaso- 
dilators. Undoubtedly the fall of blood-pressure on the injection of 
tissue extracts into the circulation is due to vaso-dilatation in very 
varying areas, 

We have already noted that where muscle and nervous tissues were 
contrasted in the same experiment, the effects on the limb differed 
(Figs. 11 and 18), for with muscle the more marked effect was dilatation 
of the limb, while with nervous tissue there was a pure constriction, 
suggesting in this instance in the case of muscle a specific effect. _ 

We would suggest that the subject may be complicated by the 
existence not only of specific vaso-dilator but specific vaso-constrictor 
substances, whose effects should be looked for on those occasions 
where the injection of a tissue extract produces a rise of the blood- 

It is obvious that a larger series of experiments comprising the 
investigation of tissue extracts of many different kinds and recording 
changes in volume of the corresponding organs is necessary before any 
definite conclusions on these points can be reached. 


7. SUMMARY AND CONCLUSIONS. 


1. Extracts of nervous tissues produce a marked temporary fall 
of the blood-pressure, which occurs after section of both vagi and after 
doses of atropine sufficient to completely abolish vagus action. Since 
_ choline always produces a rise of blood-pressure after atropine admini- 
1 loc. cit, p. 352, 


* loc. cit. p. 851. But we have not repeated their experiment precisely as they 
performed it. Thus in our experiments the nerves were intact. 
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stration, it cannot be the active principle of nervous tissue extracts 
(confirmatory of Osborne and Vincent). 

2. The depressor substance in nervous tissues is found in physio- 
logical saline decoctions, in alcoholic extracts dissolved in normal saline, 
and in ether extracts (dissolved in normal saline) of the alcoholic 
extracts. The depressor substance is not however extracted direct from 
the moist tissues by ether. 

8. There is distinct evidence of the presence ‘of a second active 
principle in nervous tissue extracts which produces a pressor effect. 
This indeed is the usual effect of an extract made with normal saline 
at ordinary temperatures. (Proteid extract.) 

4. All kinds of muscular tissue contain a depressor substance, not 
usually so marked in its effects as that contained in nervous tissues, 
but like it equally active after the administration of atropine. A 
pressor substance appears also to be present, best extracted by normal 
saline at ordinary temperatures. 

5. There is abundant evidence of pressor and depressor substances 
in kidney tissue. As with other tissue extracts the pressor effect is 
more readily produced by extracts made at ordinary temperatures, but 
occasionally by saline decoctions. 

6. Many other animal tissues contain a depressor substance. We 
have shown the presence of such a substance in liver, spleen’, 1, testis’, 
pancreas, ovary and lung. Other observers have found it in — : 
thymus‘, suprarenal®, and pituitary‘. 

- With many of these tissues there is evidence more or less marked 
of the presence of a pressor substance. 

7. A depressor substance is present in extracts made from intestinal 
mucous membrane and from the whole thickness of the gut’. 

8. Possibly all animal tissues contain different substances which 
when injected into the circulation produce respectively either a rise or 
a fall of the blood-pressure. 

9. The falls and rises of blood-pressure are produced by vaso- 
dilatation or vaso-constriction of various vascular areas in the body, but 
further investigations are required before we can state definitely that 
there is any specific effect of a particular extract upon the tissue from 
which it arises. 


1 Oliver and Schiffer, loc. cit. 2 Dixon, loc. cit. 
® Schifer, loc. cit. 4 Svehla, loc. cit. 
5 Moore and Purinton, loc. cit. ® Schafer and Vincent, loc, cit. 


7 Bayliss and Starling, loc. cit. 
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THE PERFUSION OF SURVIVING ORGANS. By T. G. 

BRODIE, M.D., Director of the Research Laboratories of the 
Royal College of Physicians, London, and of the Royal College 
of ee England. (Two Figures in Text.) 


the Research Laboratories, Hall, London.) 


THE method of examining the physiological action of an organ or 
tissue by perfusing it by blood after its removal from the body has 
already proved of great value in many instances, and under proper 
conditions can solve many physiological problems. The methods 
hitherto employed possess several great disadvantages, of which the 
most marked are the necessity of employing large volumes of blood, and 
the absence of any satisfactory provision of a method of aération. It is 
not necessary to refer in detail to all the various forms of perfusion 
apparatus that have been devised by different workers since Ludwig 
and Schmidt’ first described the apparatus they had constructed for 
the perfusion of isolated surviving mammalian muscle. I need only 
refer to that of v. Frey and Gruber? in which special arrangements 
were provided for quantitatively determining the changes of the blood 
gases in the perfusion, and to the elaborate apparatus of Jacobi’, in 
which a double circulation was maintained—the one through the 
organ which was being studied, and the other through an isolated lung 
in order that the blood might be continuously oxygenated. Many 
workers have simply used two flasks, which alternately fed the artery, 
the blood being driven from them by air pressure. The great objection 
to most forms of apparatus hitherto employed is the necessity of 
obtaining a large supply of blood, the animal’s own blood being, in the 
majority of cases, insufficient. 

In attempting to overcome these various disadvantages I have 
tested many modifications of previously described apparatus, aud as 


1 Ludwig and Schmidt, Leipzig Ber. xx. p. 12. 1868. 
2 V. Frey and Gruber, Arch. f. (Anat, u.) Physiol. p. 518. 1885. 
% Jacobi, Arch. f. exp. Path. xxxvi. p. 330. 
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a result of these experiments I have finally adopted the following 
as best fulfilling the essential requirements. The general plan is given 
in the accompanying diagram (Fig. 1). It consists of a pump D, 


J 


Fig. 1, 


driving the blood into a glass receiver H. The tube K, at the bottom 
of this receiver is connected by rubber or glass tubing to a cannula tied 
in the artery of the organ to be perfused. The second cannula tied in — 
the vein is connected by rubber tubing to a lateral inlet B, in the glass 
vessel A. The bottom of the vessel A is provided with a second tube C, 
which is connected to the inlet tube of the pump D, and the outlet 
tube of the pump is connected to a lateral tube of the receiver H. 
The pump consists of a piston and cylinder, the piston rod J being 
moved by a crank F' and connecting bar #. The pump is provided 
with cylinders and pistons of different diameters so that it can be used 
for organs of varying sizes and for various rates of flow of blood. The 
amount delivered by the pump at each thrust can be further regulated, 
for the crank which is fixed on an axis driven by a coned-pulley @ is 
slotted, so that the connecting bar # fixed at the one end of the piston- 
rod can, at its other end, be clamped in any position in the crank by 
the screw J. In this way the thrust of the crank can be quickly 
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adjusted to move the piston through any desired length and thus vary — 
the volume of the fluid delivered per thrust. The valves of the inlet 
and outlet tubes of the pump must be both gas and fluid tight. After 
testing a very great number I have found the best for this purpose are 
made in the following way: A short length of thin-walled rubber 
tubing about 5 mm. in diameter is tied on the end of the delivery tube, 
and into the other end a small double-convex glass lens about 15 mm. 
in diameter is inserted; the thickness of the wall of the rubber tube is — 
only 0°5 mm., so that it is well stretched out by the glass lens, This 
valve permits fluid and air to pass between the rubber and the lens but 
is absolutely air and fluid tight in the reverse direction. It possesses 
the great advantage that it is quickly made or renewed and can be 
readily cleaned. It is fitted into a short length of glass tubing which 
is wide enough to receive it, and this in turn is connected to the 
receiver H. A similar valve is fitted on the inlet tube of the pump, 
_working, of course, in the same direction. The upper end of the receiver 
H is closed by a cork through which a glass tube passes; this is con- 
nected by rubber tubing to a large flask M. By a side-tubular and 
Y-piece the flask is connected to the mercury manometer R, and a 
mercury valve P. 

The two receivers and the pump are fixed in a convenient water- 
bath maintained at body temperature. | 

The mode of working is as follows: The glass receivers and. pump 
having been thoroughly cleaned by pumping physiological saline — 
solution through them, the tubes B and K are clamped, the animal is 
anzsthetised and the artery and vein of the organ to be perfused are 
next isolated, and loose ligatures having been passed round them the 
animal is bled to death, its blood collected, whipped, filtered through 
glass-wool and then poured into the receiver A, whence it is at once 
pumped into the main receiver H. The mercury valve having been 
set at the required pressure the pumping is continued until air escapes 
through this valve so that the blood in the receiver H is under the 
initial pressure required for the perfusion. While the blood is thus 
being transferred to the receiver by an assistant, the cannule are 
quickly tied in the artery and vein. The artery cannula is then 
connected to the receiver by the tube X, care being taken that this 
tubing and the cannula are quite filled with blood and that no air is 
included. A short length of rubber tubing is fitted to the cannula in 
the vein and the clamp on X is then removed. The first blood that 
flows out through the vein is collected in a small beaker, whipped, 
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filtered and then returned to the vessel A. After a fair amount of 
blood has issued from the vein, that is, a quantity sufficient to wash out 

the blood originally retained within the organ, the venous cannula is 

connected directly to the lateral tube Bon the receiver A. The pump 
is now kept running continuously, so that the blood as it collects in A 
is at once driven to the main receiver H. The thrust of the pump and 

its rate are then regulated so that enough air is pumped with the blood 

to sufficiently aérate it. The air in excess of that required to maintain 

the pressure at a constant height passes through the vessel M, and 

escapes through the mercury valve P. The object of the vessel M is 

to serve as a froth chamber, for it is found that some bloods froth 

considerably, and if froth is not collected in this way it escapes through 

the mercury valve, thus interfering with its efficient action. 

_ In many cases it is advisable to vary the pressure of the blood- 
supply rhythmically in imitation of the pulsation of an artery.. This is 
easily effected by replacing tubing K by a fairly distensible piece of 
rubber tubing passed under a clip. This clip consists of two wooden 


Fig. 2. Record of variations in lateral pressure of the blood perfusing an excised kidney. 
At the centre of the tracing the mean pressure was suddenly reduced. Time in 
seconds, The line above the time tracing is the zero of blood-pressure. 


arms between which the tubing passes in a transverse direction. The 
upper arm is pulled down by a spring so as to compress the tubing and 
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is rhythmically lifted by a rotating cam, to allow the blood to flow from 
the receiver into the partially collapsed tubing on the other side 
of the clip. By varying the shape of the cam and the rate at which it 
is driven a fairly accurate reproduction of the variations of arterial 
blood-pressure can be obtained in the peripheral tube and artery. 
A record of these pressure changes taken by a mercury manometer is 
given in Fig. 2. 

This apparatus has now been in constant use for the past four years, 
during which time small details have been gradually altered or added, 
as experience has taught their necessity. There are also many other 
points of technique the observance of which is of great importance. 
These are considered in the following sections: 

The preparation of the blood. In my earlier experiments I commonly 
employed fresh defibrinated sheep’s or ox blood in perfusing organs 
taken from cats or dogs, but it gradually became apparent that in very 
- many cases this was quite inadmissible. Newell Martin in his 
experiments upon the isolated dog’s heart employed calf’s blood, but 
he mentions that in several instances this blood was toxic to the dog’s 


heart. In some of our earlier experiments upon the dog’s heart we 


tried ox blood, sheep’s blood and horse’s blood, but found that as soon 
as the isolated foreign blood was supplied to the heart the beat became 


irregular. The heart next went into fibrillary twitchings, from which — 


it could not be recovered in most cases, even though the animal’s own 
blood was perfused through it. When perfusing other organs I have 
often observed that the rate of flow through the organs is usually much 
less when blood from an animal of different species is used, as compared 
to other experiments in which the animal's own blood is used. It is 
much better therefore to only employ blood taken from animals of the 
same species as that experimented upon, and best of all to make 
use only of the animal’s own blood. With care in economising the 


tubing leading to and from the organ it is quite possible to perfuse 


most of the organs of the cat, using the animal’s own blood only. In 
the case of the dog, where the yield of blood is much greater, it is 
always possible for all organs. In some organs, heart, limbs, etc., 
it is permissible to perfuse with blood diluted with normal saline 
solution, tap water saline, or Ringer’s solution. This has already been 
employed by Langendorff and his pupils for the heart, and gives 
excellent results. Locke has indeed gone a step farther and employed 
oxygenated Ringer's solution only, and shown that the rabbit’s heart 
will beat for hours when perfused in this way. In most organs and 
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tissues, however, and notably in the lungs, dilution of the blood with 
saline leads to the production of considerable oedema. | 

The difficulties in the way of obtaining a sufficiently rapid rate 
of flow through the perfused organ. The slow rate of flow commonly 
observed in perfusing an organ is usually ascribed to a persistent 
tonus of the arterioles of the organ, and this undoubtedly partly 
explains the phenomenon. This tonus is partly due to the sudden 
pressure to which the arteries are subjected in commencing the 
perfusion, and is especially marked in the ‘case of the limbs or the 
kidney’. In the latter organ it is usual to obtain a good flow as soon 
as the perfusion is started, but this falls off to about one-third of its 
initial rate in about twenty to forty seconds, and commonly never 
increases again. To avoid this difficulty it is best to start the perfusion 
with a low pressure and then to gradually increase it until it reaches 
a normal height*, Even by this procedure the difficulty is by no 
means avoided and at times leads to a complete failure of the experi- 
ment. It has been shown for the lungs, by de Jaeger and others, that 
the rate of flow is greater if the pressure is made to rise and fall 
in imitation of the natural pressure. I have found that this is also true 
for some other organs, e.g. kidney, limbs, spleen, but the difference in 
rate of flow, under this condition as compared to the flow under con- 
stant pressure is never very marked, and it is doubtful whether the 
- advantage gained, except perhaps in the case of the kidney, — 
for the extra complication introduced in the apparatus. 

There are, however, other causes by which a hindrance to the flow 
may be produced. The first of these is embolism, which may be due 
either to air or to foreign particles. If many air-bubbles escape into 
the artery the flow at once falls off, but it is remarkable how, in quite 
a short time, these may be washed through the capillaries if more air- 
bubbles are prevented from entering. In setting up a connection 
between the reservoir and the artery it is wise to introduce at some 
part a trap in the shape of a glass 7-piece through which the blood is 
made to travel, the limb which acts as the air trap being set vertically 
and closed with rubber tubing and a pinch-cock. This limb may then 
from time to time be opened, thus driving out any collected air con- 
tained in it. A second possibility is that small solid particles may 
block the arterioles. These usually arise from the interior of the 
pump and containing vessels. It is quite impossible to so completely 

1 See in this connection Bayliss’ paper. This Journal, xxv1. P 220. 1902. : 
2 This is not important in the case of the liver, 
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clean the pump and receiver that saline solution pumped through 
issues absolutely free from particles at the outflow. In some experi- 
ments in conjunction with F. 8. Locke, we found this so important that 
we now invariably filter the blood through two glass-wool filters, one 
placed in the vessel receiving the blood from the vein, and a second small 
filter consisting of a fairly wide glass tube plugged with. glass-wool 
inserted on the course of the tubing leading to the artery, This addition 
to the detail of an experiment has proved of enormous =“ and 
in our opinion should never be omitted. 

There is one other factor which I believe plays a part in the pro- 
duction of the arterial tonus, which is that serum is by no means 
a completely inert fluid: I have shown that in the cat the process 
of clotting produces substances which act as irritants to the pulmonary 
nerve-fibres, and working upon the hypothesis that a similar cause may — 
be at work exciting the muscular walls of the small blood vessels, I 
have carried out perfusions with blood that has been prevented from 
clotting in various ways. As a result of these experiments there is no 
question as to the truth of this hypothesis, and one of the most effective 
bloods is citrated blood. The blood is received into a strong sodium — 
citrate solution used in quantities sufficient to prevent clotting. Such 
a blood may be perfused for several hours without clotting, and un- 
questionably flows through the vessels more freely than defibrinated 
blood. When experimenting upon dogs I have also tried leech-extract 
blood. This again works favourably, but has the great disadvantage 
that a considerable quantity of the extract is required and frequently 
the experiment is lost by the formation of a clot. In the majority of 
cases the increased flow does not compensate for the risk of injury that 
is run by the addition of a foreign substance. The same holds for 
the increase produced by the addition of chloral, cocaine etc., to the 
blood. 

The production of edema. Attention has frequently been drawn 
to this point by previous workers, who have found that it is less liable 
to occur if the supply of blood be pulsating instead of at constant 
pressure. This I can also confirm when working under the ordinary 
methods, but I think that its avoidance is best attained by paying 
attention to two points I have already insisted upon, viz. to use only 
the blood of the same animal, and to avoid keeping the organ a con- 
siderable time without a blood-supply.. The latter point is, in my 
opinion, by far the most important. I have commonly found the organ 
as normal in appearance (microscopically as well as macroscopically) 


id 
5 
a 
a 
Bu. 


PERFUSION APPARATUS. 273 


at the end of a two to three hours’ perfusion as the control organ 
pa immediately after death. 

The owygenation of the blood. As above mentioned this end is 
aimed at by mixing air with the blood in its passage through the pump. 
Unfortunately this has not always proved satisfactory. If too much air 
is admitted a great deal of frothing occurs in most cases, and this 
entails a serious loss of blood. The blood returning from the limbs is 
extremely venous in appearance, and most difficulty in this direction 
has been experienced in these experiments. - In the case of the heart 
the same appearance is seen, but as the flow is very slow there is 
no difficulty in oxygenating it. The blood from the spleen or kidney is 
less venous, and is therefore easily dealt with. In the liver, some 
trouble is found as the volume of the blood to be oxygenated is so con- 
siderable. In lung perfusions the blood is easily kept fully arterial and 
the difficulty may therefore be overcome by using the lung for the 
purpose. This, however, means the trouble of a double apparatus, and 
also necessitates a considerable bulk of blood, more than is usually 


available. Although I have attempted to render this aération more > 


perfect by several modifications, the apparatus is to some extent 
deficient in this respect. Fortunately the aération has proved sufficient 
in our experiments up to the present time, as will be seen from the 
results published in the papers of W. Bain and K. Grube which 
follow. 

The nevanaienaeds made for keeping the organ at body temperature. 
In my earlier experiments the receivers, pump, and connecting tubing 
were all immersed in a large water-buth kept at body temperature, in 
which was also fitted a large air chamber to hold the organ to be 
perfused. In many ways this proved very inconvenient, and in later 
experiments I have only found it necessary to enclose the main receiver 
in a small water-bath, using a second for the organ if necessary. 
If the flow through the organ is considerable, as for instance in the 
case of the liver, all that is necessary is to protect the organ from 
cooling by warm, moist cloths or cotton-wool, but in cases where the 
flow is slow it is necessary to place the organ in a warm chamber, and 
I have found it most convenient to provide a special one for the 
purpose. In those cases in which the whole of the blood leaving the 
organ can be collected from a single vein, as in the spleen, it is best to 
immerse the organ in a bath of normal salt solution, maintained at 
body temperature. This, too, is the simplest procedure in the case of 
the heart. For the kidney and other organs, in which the venous 
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outflow from the surface is considerable, it is necessary to provide 


' @ separate jacketed warm chamber, into which the blood drains and — 


from which it is sucked by the pump and returned to the main receiver. 
A very convenient and satisfactory arrangement for maintaining the 
temperature of the two baths is that devised by Locke, and demon- 
strated by him in his experiment on the isolated rabbit's heart, shown 
at the Turin Physiological Congress last year. This consists of a long 
copper rod passing through the side of the bath close to the bottom. 


- On that part of the rod outside the bath is hung a Bunsen burner, by 


two holes in the metal chimney attached to it. By moving this nearer or 
farther from the side of the bath, the temperature may be readily 
regulated and maintained constant with very little watching. 

General, There still remain for consideration one or two points 
in connection with the differences in the arrangements when different 
organs are to be perfused. When small organs, whose outflows can be 
completely collected through their veins, are to be experimented upon, 
it is unquestionably best to isolate them completely from the body and 
immerse them in a bath of warm saline solution, This is the case, for 
instance, with the spleen, the heart, or the intestines. In those cases 
in which a considerable venous outflow occurs at the surface of the 
organ, as when perfusing the hind limbs, kidney, or liver, the organ 
should be placed in a warm air chamber—this should be made of glass 
or porcelain and protected by a glass cover. But in many cases it is 
wiser to keep the organ in situ within the body. This is especially 
advisable in the case of the lungs or the liver, for they perfuse much 
better when their normal shape is retained by the support given 
by the thorax and diaphragm respectively. When perfusing the liver, 
I found that a considerable loss of blood often occurred if the blood 
were collected from the inferior vena cava immediately above the © 
diaphragm, the cava being ligatured just below the liver. This was 
due to the free anastomosis of hepatic veins with diaphragmatic and 
other veins. I ultimately found it best to collect the blood from the 
right auricle. A cannula is tied in the auricular appendix, and loss of 
blood through the ventricle is prevented by tying a thick ligature tightly 
round the middle of the two ventricles. If now the feet and head of 
the animal be slightly elevated above the level of the heart and the 
outflow opens at a level lower than the auricle itself the blood drains 
away easily and very little loss occurs. In this plan it is best not 
to ligature the inferior cava below the liver, nor even to ligature the 
superior cava. A similar procedure can also be adopted with advantage 
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for the kidney, especially if both organs are being perfused simul- 
taneously. In perfusing the liver through the portal vein it is essential 
to ligature the hepatic artery and advisable to remove the lungs 
and intestines. After the perfusion is started the animal may be | 
immersed in a bath of warm saline, or the more simple and quite 
effective procedure of closing the abdomen and keeping the animal 
warm with cotton-wool may be adopted. 

In perfusing the lung, I open the thorax along the left side, taking 
care to leave the right pleural sac uninjured. A cannula is then tied 
in the commencement of the pulmonary artery, and a second in the left 
auricular appendix. The two ventricles are. then ligatured and a> 
second ligature is tied tightly round the root of the left lung. The 
right lung can now be perfused, and if desired can be rhythmically 
inflated through the trachea with warmed air. In this way the per- 

fused lung is well protected. 

_ ‘The condition of the blood after osvonlasting) through the apparatus 
only. Many control experiments have been carried out, chiefly by 
Bain'. It was found by him that the vulcanite and metal used in the 
construction of the pump, caused a distinct destruction of the red blood 
corpuscles. In order to avoid this the apparatus has been modified so 
that the blood only comes into contact with glass, rubber tubing, and 
a small surface of wood and leather in the interior of the pump. This 
pump differs from that illustrated in the diagram, and has a form 
suggested by Mr Horace Darwin of the Cambridge Scientific Instru- 
ment Company. By employing this pump the red corpuscles are much 
less injured, although they still suffer to a slight degree. The white 
corpuscles remain practically unaltered. The specific gravity is also 
unchanged. So far as I have been able to judge this slight injury 
to the blood exerts no harmful effect upon the organs perfused, except 
the kidney. In this organ the urine secreted nearly always contains 
hemoglobin, a condition which in any case would be obtained when 
using defibrinated blood. In a few control experiments in which 
citrated blood was circulated this destruction of the red corpuscles was 
distinctly less. 

_ The apparatus in its present form was made for me by the Cam- 
bridge Scientific Instrument Company. 


[Towards the expenses incurred in these experiments a grant has been received 
from the Government Grant Committee of the Royal Society. ] 


: See his paper in the present number of this Journal. 
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ON THE FORMATION OF GLYCOGEN IN THE 
ARTIFICIALLY PERFUSED LIVER. By KARL 
GRUBE, M.D. (Neuenahr; London). | 


(From the Research Laboratories of the Royal College of Physicians, 
London, and the Royal College of Surgeons, England.) 


LUCHSINGER was the first, and, as far as I can ascertain, until quite 
recently the only observer to study the question of glycogen formation 
in the liver by perfusion of this organ’. He found an increase of 
glycogen in the liver after perfusing blood which contained 2 °/, of added 
dextrose. Recently Kraus has used the perfusion method on the liver* 
- in some experiments which he undertook with the object of studying 
the influence of peptone on sugar formation. 

My first experiments, which were conducted upon cats, were all 
performed in the following way:—The animal was anesthetised, the 
abdomen opened and threads passed under the portal vein in readiness 
for the introduction of the cannula. The animal was next bled from 
the carotid artery, its blood whipped and then mixed with fresh 
defibrinated sheep’s blood and the whole filtered. No laking occurred, 
the corpuscles appearing quite normal microscopically. While the 
blood was being prepared by an assistant,a cannula was quickly tied in — 
the portal vein, and the thorax having been opened a second cannula 
was tied in the inferior cava immediately above the diaphragm. The 
liver was then perfused with blood, using Brodie’s® perfusion apparatus. 
The pressure employed varied from 20 to 40°mm. of mercury in the 
different experiments. 

The first blood which issued from the inferior cava was collected 
separately, whipped, filtered, and then returned to the main receiver. 
As soon as the artificial circulation was established, 30 grms. of blood 
were drawn off, and after weighing, at once thrown into alcohol. This 


1 Physiologie und Pathologie des Glykogens. Inaug. Diss. Zurich, 1875. 
_ * Pfliiger’s Archiv, xc. p. 630, 1902. 
3 Brodie. This number of the Journal, p. 266. 
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was used for the determination of the sugar, which was effected by 
Pavy’s! method. 

In the early experiments nothing was added to the blood, and the 
sugar was determined before and after the perfusion with the object of 
ascertaining whether the liver cells remained alive and in a normal 
state with respect to their glycogen metabolism. If much sugar were 
found in the blood after perfusion, this would indicate that the cells 
were no longer normal, or even that some or all of them were dead. 

Although the various stages of the operation were performed as 
quickly as possible, some minutes necessarily elapsed between the bleed- 
ing of the animal and the commencement of the perfusion, and it was 
doubtful whether the cells would be found in a completely normal state 
after this break in their blood-supply. 

Asp ascertained that the liver was still able to secrete bile after it 
had been cut off from its blood-supply for ten minutes’, but, as will be 
seen presently, the liver seems to retain its secreting power for a longer 
time than that of forming glycogen. In fact, post-mortem sugar 
formation in the liver apparently begins very soon after it has been cut 
off from its blood supply.. This is clearly evidenced by the results given 
in the following table, in which the figures for the dextrose are in all 
cases given in parts per thousand :— 


1 2 ee 4 5 
Amt. of Amt. in blood 
before Amt. after Duration of 
cae on perfusion time sugar perfusion 
Exp. 1, 15. xi. 00 1°67 5°85 2 hrs. 
» 2 16, xi. 00 1°60 3°86 2 hrs, 
1°22 2°05 0°90 2 hrs. 15 mins. 
ik ae xi. 00 - 1°00 3°50 0°86 —_ 2 hrs. 50 mins, 
4°50 6°30 4:10 . 5:00 2 hrs. 
5°30 4°50 5°00 5°00 2 hrs. 


From this it is seen that in all ’the experiments, with the exception 
of the last, the amount of sugar was found higher after perfusion. The 
condition of the liver in these early experiments was approximately the 
same in all: it kept its normal appearance for a short time, about 
twenty minutes, except that it always looked rather darker than 
normal, After some time it gradually became harder, darker and 
cedematous, 


1 Pavy. This Journal, xxtv. p. 479. 
2 Arbeiten aus dem physiolog. Institut zu Leipzig, 1973, p. 470. 
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In one experiment, special attention was paid to the gall-bladder, 
which had been entirely emptied before perfusion was started. After 
the perfusion it was tightly distended with bile which was not mixed 
with blood, as was ascertained by microscopical examination. 

The general results not proving satisfactory the experiments were 
modified. Two of the most likely sources of error being the anzsthetic 


and the delay in establishing the artificial circulation, the experiment 


was performed in the following way :—a large supply of blood having 
been obtained and placed in the receiver, the animal was killed by 
pithing, the abdomen opened and a cannula quickly tied in the portal 
vein and the circulation at once started. The inferior vena cava was 
then cannularised and the heart and lungs removed. Before the 
perfusion was started a small lobe of the liver was ligatured and cut 


away for the determination of the glycogen, which was effected in the 


following manner, and is a slight modification of the method described 
by Pavy?. 

The weighed portion of liver was broken down in a mortar with a 
little alcohol and then brought into about 300 c.c. of methylated spirit, 
stirred and allowed to stand over night. The beaker was then heated 
in a water-bath and thoroughly boiled, the alcohol decanted off through | 
linen and the residue squeezed and rubbed down in a mortar to a fine 
powder. Extraction with alcohol was then twice repeated. The mixed 
alcoholic extracts were distilled under diminished pressure and treated 
in the same way as a blood extract. The residue was boiled for half-an- 
hour under a reflux condenser with 50 c.c. of a 10°/, solution of potash 
and then poured into three to four times its volume of alcohol, the flask 


being well washed with alcohol. The precipitated glycogen was then 


collected on an asbestos filter, and washed into a boiling flask with hot 
2°/, hydrochloric acid, using about 50 to 60 cc. The glycogen was 
hydrolysed by boiling for an hour and a-half in a reflux condenser. The 


_ liquid was then cooled, neutralised and made up to 100 c.c., filtered and 
titrated. 


The results are given in the following experiments :— 


Exp.7. 9.i.01. Cat. Sheep’s blood to which dextrose (approximately 1°/,) had 
been added was used. 


Amount of blood-sugar. Before perfusion : 0°48 °/, 
pa glycogen in the liver expressed as glucose. Before perfusion 38°6 


1 Pavy. Physiol. of Carbohydrates, p. 63. 
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Exe. 8, 10. i.01. Cat. Sheep’s blood to which dextrose was added (approximately 
1 °/,).. Perfusion at a pressure of 25mm.Hg. Small lobe of liver tied and cut off before 
n. 


Amount of glycogen before perfusion  2°9 °, 
9? ” after ” 1°4 
Exp. 9. 11.i.01. Cat. To the blood dextrose was added=1 °/,. 
Amount of glycogen before perfusion 2°31 ), 
after 0°98 


99 


Exp. 10. 17.1. 01. Cat, anwsthetised with a.c.z. Abdomen opened and cannula tied 


_ in portal vein. Thorax opened and cannula tied into inferior cava. The artificial circulation 


started. There elapsed only a very short interval between the stoppage of the normal 
blood-flow and the beginning of the perfusion. To the blood used, dextrose was added 
(approximately to the amount of 1°/,). As soon as the artificial circulation was started 
a small lobe of the liver was tied and cut off. The result of the experiment was as follows: 


Amount of sugar found in liver. Before perfusion 1°64 %/, 


” glycogen ,, ,, (determined as glucose). Before perfusion 1°50 

| : Total amount of carbohydrate before perfusion 3°14 
Amount of sugar found in liver after perfusion 1°42 %, 

” glycogen ” ” 2°27 

Total amount of carbohydrate after perfusion 3°69 


This result distinctly showed the possibility of conducting an 
experiment by the perfusion method in which the liver would retain its 
normal function so far as glycogen formation was concerned. The 
reason why a better result was obtained in this last experiment was, 
apparently, because there was much less delay in starting the artificial 
perfusion than in any of the preceding, consequently the following 
modification in the method was made and ultimately adhered to. 
A cat was anesthetised with a.c.z., the abdomen opened in the middle 
line and a cannula tied in the splenic vein and connected to the 
perfusion apparatus, while a ligature was passed under the portal vein 
below the entrance of the splenic vein, but left untied. A small lobe of 
the liver was then ligatured and cut off, weighed and put into alcohol 
for analysis. Next the thorax was opened and a cannula quickly tied 
into the inferior vena cava; artificial circulation was started at once and 
at the same time the ligature round the portal vein was tied. The 
heart and lungs were then removed and a cannula tied into the aorta to 
collect any blood that escaped through it. In this way scarcely any 
time elapsed between the moment the normal blood-supply to the liver 
was stopped, and that at which the perfusion began. The artificial 
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circulation was maintained at a pressure of 20 to 30 mm. of mercury. 
The results obtained in a perfusion lasting 2 hours were as follows :— — 


Amount of sugar found in the liver before perfusion 


Total amount of carbohydrate 
Amount of sugar found in the liver after perfusion 
” glycogen ; ” 
Total amount of carbohydrate 


0°89 °/, 
158 
2°47 
0°80 °/, 
238 
3°18 


The results of similar experiments are given in the 


protocols : 


23. i.01, Cat. Duration of perfusion 2 hours. 
Amount of sugar found in liver before perfusion 


» glycogen ,, 
Total amount before 
Amount of sugar found in liver after perfusion 
» glycogen ,, 
Total amount after 


24.i.01. Cat. Duration of perfusion 2} hours. 
Amount of sugar found in liver before perfusion 


» glycogen _,, 
: Total amount before 
Amount of sugar found in liver after perfusion 
gly cogen 93 
Total amount after 


81. i. 02. Cat. Duration of perfusion 2 hours. 
Amount of sugar found in liver before perfusion 


» glycogen _,, 
Total amount before 
Amount of sugar found in liver after perfusion 
» glycogen, ” 
Total amount after 
CoNCLUSION. 


following 


The results, thus far, show that in a properly conducted perfusion 
the liver retains the power, which it is well known it possesses in life, 
of forming glycogen from dextrose. The method can therefore be 
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adopted for studying many important points in glycogen formation, and 
I hope to publish further results shortly. I must point out that the 
experiments thus far described suffer from one great disadvantage, viz.,— 
that a foreign animal’s blood was in all instances used, a condition, 
which, as pointed out by Brodie from other perfusion experiments, 
possesses great disadvantages. In some future experiments I hope to 
avoid this source of error. 


‘Iam much indebtéd to Dr Brodie, at whose suggestion the work 
was undertaken, for much help given and suggestions made while 


carrying out these experiments. 
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THE SPINAL ORIGIN OF THE CERVICAL SYMPA- 
THETIC NERVE. By PERCY T. HERRING, MD, 
M.R.C.P. Epin. (One Figure in Text.) 


(From the Physiological Laboratory, University, Edinburgh.) 


THE sympathetic nerves were considered by Gaskell” from a study of 
their anatomical relationships to be derived from cells situated in the 
lateral horns of the spinal cord. In a later paper Gaskell® pointed out 
that the lateral horns differed in position and constitution in different 
parts of the spinal cord, and that the cells which in all probability gave 
rise to the motor nerves of the vascular and glandular systems were 
small cells lying in groups to the dorsal side of the intermediolateral _ 
tract in the thoracic region. He found that these small cells coincided 
in position in the cord very closely with the origin of the root fibres of 
the sympathetic nerves, and believed them to be homologous with the 
cells of the nucleus ambiguus in the medulla oblongata. 

Mott came to a similar conclusion from a consideration of the 
development of the spinal cord. The cells of the intermediolateral tract 
were described by him as occurring in groups, some of the cells being 
vesicular and bipolar, others spindle-shaped. The spindle-shaped cells 
were short or long, and often extended some distance into the lateral 
columns of the cord, their long axes radiating outwards. 

Sherrington supported the same view, and found in the cat that 
the lateral horns were a distinct feature of the spinal cord from the 
superficial origin of the 8th cervical to the superficial origin of the 
4th lumbar nerve, and showed that these coincided with the upper and 
lower limits of the emergence of the sympathetic fibres. The cells of 
the lateral horns were chiefly spindle-shaped, but above the 3rd thoracic 
segment larger cells were found which he considered analogous to those 
met with in the posterolateral group of the anterior cornu in the cervical 
region, and not belonging to the sympathetic system. The cells of the 
lateral horn which he believed to give origin to the — fibres 
were the small spindle-shaped cells. 


«} of 
_ q 
] 
4 
2 
3 
: 
| 
4 
Zz 
> 
“i 


CERVICAL SYMPATHETIC ORIGIN. 283 


Bied!® after dividing the left splanchnic nerve in dogs examined the 
spinal cords for Nissl degeneration of the cells, and found changes. on 
the side of the lesion in the large cells of the lateral horn in the cervical 
_ region below the 6th nerve, and in the cells of the anterior cornu in the 
thoracic region down to the level of the 5th dorsal nerve, the principal 
changes lying between the 8th cervical and 2nd dorsal. 

Onufand Collins® from experiments on cats in which they removed 
various sympathetic ganglia concluded that the efferent sympathetic 
fibres arose from a “paracentral group”—a number of cells lying near 
the central canal,—from small cells in the lateral horn, from small cells 
in the “intermediate zone” lying between the bases of the anterior and 
posterior horns, and to a certain extent from cells in Clarke’s column. 
By Nissl’s method chromatolysis was found by them in cells in these — 
situations. 

Lapinsky and Cassirer” performed similar experiments on rabbits 
but could find no chromatolytic changes in any cells of the spinal cord ; 
their results were entirely negative. 

Recently Anderson® after division of the cervical sympathetic i in 
kittens, found atrophy in the upper thoracic region of the cord in the 
small cells of the lateral horn on the side of = lesion and not 
elsewhere. 

V. Scaffidi® described changes in the cells of the base of the 
anterior horn and in the lateral horn after division of sympathetic 
nerves in dogs and rabbits. 

My own results are similar to those obtained by Anderson. I have 
divided the cervical sympathetic in the neck, removing a portion of the 
nerve in each case in 3 cats and 1 kitten. The animals were allowed to. 
live for from 2—4 weeks. The blood vessels immediately after death 
were washed out with normal saline and then injected with 5°/, 
formalin. The spinal cords were cut in pee and stained by toluidin- — 
blue according to Nissl’s method. 

I could find no changes in any of the cells above the level of the 8th 
cervical nerve; at this level a few small spindle-like cells appear lying 
laterally to the base of the posterior horn on either side and extending 
into the lateral columns of white matter. They constitute the upper 
extremity of the lateral horns in the thoracic region. I have found 
chromatolysis and atrophic changes in these cells on the same side as 
the lesion. 

The cells of the lateral horn vary in size considerably, but are much 
smaller than the large cells of the anterior horn, they are multipolar, 
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compressed somewhat from side to side so as to appear spindle-shaped, 
the nucleus is oval, and.the granules of the cell take on a very deep 
stain and often appear as though compressed together. The cells 
situated in the grey matter of the lateral horn are larger and more 
globular than those which are found running outwards between the 
white fibres of the lateral column, and which sometimes reach a point 
as far out as halfway between the grey matter and the pia mater. It 


is probably this lateral compression by the white fibres which gives these 


scattered cells their spindle shape. They occur in groups, and in some 
sections may be absent from the lateral horn altogether ; for this reason 
it is important to make serial sections and examine them throughout. 
On the side of the lesion the cells are smaller, do not stain so deeply, 


Fig. 1. a shows a normal cell from the grey matter of the lateral horn of the healthy 
side. b shows a cell from the same section taken from the grey matter of the lateral 
horn on the side of the lesion. The cell from the injured side is shrunken, nucleus 
smaller and oval, and the chromatophilic substance of the cell protoplasm has almost 
disappeared except immediately round the nucleus. 


and“ in some cases have almost entirely lost their granules. The 
spindle-shaped cells lying among the white fibres of the lateral column 
are still more compressed, and appear as elongated cells, sometimes 
almost colourless, at other times uniformly dark, the depth of colour 
depending on the amount of chromatic substance still peace in the 
cell, 
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The greatest changes are found in the 2nd and 3rd thoracic segments 
in the lateral horn of the same side as the divided nerve. 

Some of the cells show chromatolysis and atrophic change in the 4th 
segment and a few in the 5th, but in these segments there are numerous 
healthy cells on the same side, and these become proportionally more 
numerous as the series of sections is examined in lower segments of the 
cord. 

In the kitten, which was killed 3 weeks after the lesion, the cells of 
the lateral horn of the injured side are markedly fewer than those of 
the opposite side, especially in the 1st, 2nd, and 3rd thoracic segments. 

I have not found definite changes in the cells of any other part. of 
the grey matter. Occasionally cells may be seen which stain very 
lightly in the grey matter near the central canal, and at the base of the 


posterior horn, but similar appearances are seen on both sides and in the ~ 


healthy spinal cord. 


SuMMARY. 


After section of the cervical sympathetic in the neck of the cat 
chromatolysis and atrophic changes take place in the spinal cord in the 
cells of the lateral horn of the same side. The cells affected begin 
above at a level corresponding to the superficial origin of the 8th 
cervical nerve, are most numerous in the 2nd and 3rd thoracic segments, 
then decrease in number to the 6th thoracic. The cells are multipolar, 
larger and more rounded in the grey matter of the lateral horn, smaller 
and spindle-shaped where they lie among the white fibres of the lateral 
columns. 
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ON THE NATURE OF ADRENALIN GLYCOSURIA. 
| By D. NOEL PATON. 
(From the Laboratory of the Royal College of Physicians, Edinburgh.) 


In October 1901 Blum! announced the discovery that the subcutaneous 
administration of extracts of the suprarenal bodies produces diabetes 


in rabbits and dogs. He found that such extracts given by the mouth 


had no influence upon the proteid metabolism as indicated by the 
excretion of nitrogen in the urine and that neither sugar nor albumin 
appeared in the urine. He concludes from a series of 22 experiments 
that given subcutaneously, suprarenal extract causes marked glycosuria 
not only on a diet free of carbohydrates but also after a fast 
so prolonged that all the glycogen has disappeared from the liver. He 
states, but without giving experimental data, that, in the few 
experiments in which the excretion of nitrogen was observed, no 


| abnormal increase was noticed. He further states that acetone and 


diacetic acid were not present and that oxy-butyric acid was therefore 
not tested for. In a more recent paper® he records some further 
experiments upon adrenalin diabetes which confirm his previous 
observations and show that even after repeated administration an 
additional dose will produce glycosuria. 

Zuelzer*® confirms Blum in all particulars and finds an increase of 
sugar in the blood. He argues that, since Blum has shown that the 
condition is not a toxic glycosuria due to increased conversion of 
glycogen, and since his own observations prove that it is not renal in 
origin like phloridzin glycosuria, it must be @ true diabetes. Out of 
many cases in which levulose was administered in only three was 
levolusuria observed. He states that he noticed pigmentation of the 


mucous membranes of two cats injected for four weeks. 


Metzger‘ gives a series of observations on dogs and rabbits showing 
that the glycosuria is due to an increase in the glucose of the blood. — 
1 Deutsch. Arch. f, klin. Med. uxxt. p. 146. 


2 Pfliiger’s Arch. x0. p. 617. 1902, 3 Berlin. klin. Wochen. p. 1209. 1901. 
* Miinch. med. Wochenschr. p. 478. 1902. 
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Herter and Richards’ record a series of experiments on the 
intra-peritoneal injection of the adrenalin chloride of Takamine in dogs. 
They found that sugar appeared in the urine even after fasting, and 
that the animals manifested symptoms of excitement, that they vomited, 
and that in several cases they died in the course of twelve hours. In 
these cases they describe “destructive lesions of the gastro-enteric tract 
and pancreas” and a granular degeneration of the cells of the islands of 
Langerhans. In a footnote they further describe the effect of painting 
adrenalin on the surface of the pancreas. This caused a blanching 

- followed by a congestion simultaneous with the appearance of glucose 
in the urine. 
_ In a more recent paper? Herter and Wakeman record the results 
of further experiments, which do not fully corroborate all the previous 
conclusions. . They found that the glycosuria produced by adrenalin in 
a dog fasted and then treated with phloridzin was very slight. While 
repeated injections in some cases did not induce glycosuria, this appeared 
to them to be due to malnutrition and not to the establishment of any 
tolerance of the substance. They confirmed the previous observation 
that. adrenalin painted on the pancreas produces glycosuria and they 
further discovered that the application of many reducing or toxic 
substances acted in the same way. The observations on the changes 
in the islands of Langerhans described in their previous paper are not 
confirmed. 


Throughout my own experiments the preparation used was the 
adrenalin chloride 1 in 1000 of Takamine supplied by Parke, 
Davis & Co.* 


1. A true glycosuria is produced. My observations fully confirm 
the statement of Blum as to the production of a glycosuria by the 
subcutaneous injection of adrenalin in dogs and rabbits. The nature of 
the reducing substance in the urine was repeatedly tested by 
fermentation and by the phenyl-hydrazin test and in every case it was 

- found to be dextrose. 


2. A glycemia is produced. The observations of Metzger and 
Zuelzer are confirmed by the following observations. 


1 New York Medical News, p. 201. 1902. 
_ 9 Virchow’s Arch. ouxrx. p. 479. 1902. 
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' Exp. I. Two rabbits were well fed on the night of the 12th. At 9 a.m. 
on the 13th each had 2c.c. adrenalin. A weighed 1540 grms., B weighed 
1065 grms. 

A was killed at 12 noon. It had passed a little urine which gave a very 
strong reduction. 

B was killed at 12.30. It had passed 60c.c. urine containing 3°12°/, 
glucose. | 

The blood was collected into a measured quantity of methylated spirit by 
severing the carotids; repeatedly extracted and rubbed up with. alcohol; 
decolorised with animal charcoal ; taken up in a definite volume of water, 
and titrated with Fehling’s solution. 


Blood of A—40c.c. in 120 c.c, spirit. 
The watery extracts made up, A to 100c.c., B to 80c.c. 
Titrated on 1 c.c, Fehling’s solution they gave, 


A. 0°59, glucose in blood. 
046% ,, 


Exp. II. Two rabbits, 4 and B of Exp. VII. which had been receiving 


” 


daily doses of from 1 to 5c.c. of adrenalin chloride for more than a month - 


had their last dose of 3c.c. at 12 noon on the 5th. At 12 on the 6th, they 
were killed, the thorax rapidly opened and the blood caught in methylated 
spirit and treated as described above. 
Blood of A contained 0°175°/, glucose 
9 B 9? 0°205 
The urine in the bladder of each contained 
A. 1:7 glucose 


Exp. III. In the two rabbits used in Exp. IV. the blood contained 


A. 0:21°/, of glucose 


B. 0°25 "lo 3 ” 
See also Exp. V. : 


3. The extent of the glycosuria ts dependent on the amount of 
carbohydrates in the body. 


Exp. IV. Two large rabbits were put in cages for the collection of urine 
on Dec. 8th. 


A weighed 1650 grms. and was fed on small quantities of cabbage leaves 
and water. 


B weighed 1950 gris. and was fed on turnips in large quantities, 
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Next day the urine of A gave no reduction, while the urine of B gave a 
doubtful reduction, A got 2:lc.c. adrenalin chloride and B got 2‘5c.c. 


Taste I, 
A B 
Weight Adrenalin at Weight Adrenalin at 
at end Per ‘Total — at end Per Total 
Day of day cent. in grms, day of day cent. in grms. of day 
1 1650 0 0 1950 0 
2 1570 1-20 1°75 21 1900 45 2°5 
4 1550 1°85 1-91 17705 1-42 1:13 


Here the effect. of adrenalin was to cause a much more copious 
excretion of sugar in the animal liberally fed on turnips in which 
an accumulation of glycogen in the liver had occurred. 


The animals were killed at the end of the 4th pede and the glucose of the 


blood determined: 
A, 021°, 


B. 025°. 
The liver of A still contained 1:28 per cent. of carbohydrates expressed 
as glucose, 


4. The glycosuria and glycemia are not due to a mere increase in 
the conversion of glycogen to glucose. The method of experiment was to 
keep the animal on a diet of a material from which glycogen could not 
be formed, and to clear out the carbohydrates stored in the body with — 
phloridzin and then to administer adrenalin. | 


Exp. V. A rabbit weighed 1690 grms. on Dec. 8th and it was fed on 
spongin and water and 0:25 grms. of: phloridzin were administered hypo- 
dermically. Next day very little urine was procured, and it gave a strong 
reduction. The urine passed next day gave no reduction, and the animal got 
2c.c. adrenalin. On the following day the urine gave a strong reduction, and 
2c.c. adrenalin were again given at 1 and the animal was killed at 3.30. 

Urine in bladder gave a strong reduction and a marked fermentation. 

Blood contained 0°39 °/, glucose. 

Liver contained less than 0°2°/, of carbohydrates as glucose. 


Exp, VI. A white rabbit got 0:25 grm. of phloridzin on the 13th and on 
the 14th the urine gave a strong reduction. Another 0°3 grm. of phloridzin 
was administered and the animal got spongin and water as food. On the 
15th and 16th the urine gave a marked reduction. On the 18th the urine 
gave no reduction. 
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_ 2:2c.c. of adrenalin chloride were injected at 3.30 p.m. The animal was 
found dead at 7 p.m., about 50c.c, of urine having been passed. This gave a 
slight reduction. The urine in the bladder also gave a slight reduction. 

The clotted blood from the heart and great vessels to the amount of 7°8 c.c. 
was collected in alcohol and repeatedly extracted and treated as described. 
It showed the presence of 0:27 °/, of glucose. 


5. The repeated administration of adrenalin is not always followed 
by glycosuria. This is shown in the case of the dog in Exp. XII. 
and in the case of rabbits by Exp. VII. 


Exp, VII. Adrenalin was administered daily to three rabbits A, Band C. 


The following tables show the number of c.c. given on each day and 
the presence + or absence 0 of reducing substances in the urine. 
The animals were fed on cabbage leaves, unless otherwise indicated. 


A. Adrenalin. 11111111110122 
Sugar. 


The weight on the Ist day was 1280 grms., on the 14th, on which in it cut 
1090 grms. 


B. Adrenalin. 1111111111002 2 2 25 2 2! 2! 0} 0} 0? 82 82 32 
Sugar. + ++ 400044 + 
Adrenalin. 4405555558 
Sugar. ++ 


The weight on the Ist tet 1740 grms., on the last (86th) day, when it was killed, 
1580 grms. 


C. Adrenalin. 1111111111012 2 2 2 2 2 2! 3! 8 42 42 


Sugar. +t+tteeee¢+0++4+4+4+4+ 4000 + + + 
Adrenalin. 55055555558 
Sugar. 


The weight on the lst day was 1715 grms., on the last (86th) day, when it was killed, 
1400 grms. 


6. A certain tolerance for adrenalin is established by repeated doses. 
The rabbits in Exp. VII. bore without inconveniences doses of 1 c.c. per 
300 grms. of body weight, or 00003 grm. of adrenalin chloride per kilo. 

In Exp. VIII. two small rabbits of 470 and 455 grms, had respectively 
the following doses on successive days. 

Dose in c.c. 1, 1°6, 2°0, 2°5, 0, 0, 0, 2°0, 2:5, 4°0, 4:0. 


On the last day they weighed 490 and 465 grms. and thus a dose of 1 c.c. 
per 122 and per 116 grms. was tolerated. 


1 Albumin in urine. 2 Fed on grass. 
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As a general rule a sane of 1 c.c. per 300 or 400 grms. of rabbit i is 
rapidly 


7. In my experiments upon oer I have not deticted the presence 
of diacetic acid or of acetone in the urine. The urine of hutch rabbits 
fed on cabbage was found almost invariably to give the reaction with 
ferric chloride both when under the influence of adrenalin and without 
the drug. 

A very constant reaction of the urine both in rabbits and in dogs 
is the development of a dark red ring when nitric acid is poured below 
the urine in testing for albumin. The nature of the — and of 
the chromogen yielding it has not been investigated. — 


8. The proteid metabolism under the administration of adrenalin 
undergoes the changes which are characteristic of a true diabetes. One 
of the most characteristic features of true diabetes is the increase in the - 
ammonia of the urine. This, von Noorden' maintains, is due to the 
increased production of phosphoric and sulphuric acid from the in- 
creased disintegration of proteids and the formation of lactic, diacetic, 
_ oxybutyric and other organic acids. 

It was therefore deemed desirable to investigate somewhat in detail 
the influence of adrenalin on the proteid metabolism. 

The experiments were made upon rabbits and upon dogs, and the 
analytic methods employed were those described in our various papers 
upon the changes in proteid metabolism already published in this 
Journal. | 

Throughout the observations Merck’s phosphotungstic acid, which 
completely precipitates the ammonia salts, was used. 


A. Rabbits. 

Exp. IX. Rabbit, weight 1990 grms.: 500 grms. of cabbage-leaves daily. 
On days marked + had 2¢.c. adrenalin chloride hypodermically. On the 9th 
day the rabbit was found dead. There were 23 c.c. of urine in the collecting 
bottle which contained a distinct trace of hemoglobin and of coagulable proteids 
- and which gave a strong reduction. The few drops of urine in the bladder also 
gave a strong reduction and a distinct coagulum on boiling. The animal 
weighed 2050 grms. No serous exudation in any of the cavities. The 
pancreas, liver and lungs seemed congested. 


1 Pathologie des Stoffwechsels. 


ais 
af 
4 
a 
4] 
4 
x 
a 


292 D. N.. PATON. 


Taste II. 
Nitrogen of urine Glucose per day 
in grm. 
Total Urea N, Per cent. 

Day in grm. in grm, of urea N, 

1 1-11 1°05 94 

2 ‘98 "88 90 

3 “49 90 
a4 1°47 1°31 90 

5 *84 84 20 

6 “70 "64 
+7 1°69 1°33 79 Reduction 
+8 1°65 1°14 69 6°75 


The daily excretion of urine and of iteoaen was irregular but me 
average nitrogen excretion was as follows: 


Before first injection ... 102 
Day of injection ... 0994 
Next day .. 0-70 


Two last days of Sufeation 1°67 


The single injection of 2 cc. although it caused an excretion of 
no less than 20 grms, of glucose produced no marked change in the 
excretion of nitrogen, but the second administration was accompanied 
by a very marked increase. 


The urea nitrogen before the first injection hoe 91°, 
On the day of injection it was 


On the next day... 92 ,, 
On the two last days of it was, “Ist 
2nd day 69 ,, 


Proteids were not detected in the urine till after the death of the 
rabbit, and the ammonia nitrogen was not estimated. These points 
are specially studied in the next experiment. 


Exp. X. Rabbit, weight 1630 grms.; had 500 grms, of cabbage-leaves 
daily. On the third day it was found that all the cabbage was not being 
eaten and 400 grms, were given on subsequent days. On the days marked + 
it had 2 c.c. adrenalin chloride hypodermically, and on the days marked © 3 c.c. 
To prevent decomposition of the urine 20 c.c. of a 10°/, solution of hydrochloric 
acid was put in the collecting bottle and this served to keep the urine nearly 
neutral. On the 14th day the rabbit was found dead, weight 1500 grms, 
There was some serous fluid in the pleura and pericardium. The bladder 
contained 24 ¢.c, of urine which gave a faint cloud with cold HNO, and, in 
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Esbach’s tube, gave a precipitate equivalent to 0-025 °/, of proteids. Proteids 
were not found in the urine during the life of the animal. The suprarenals 
were om large. 


Taste ITT. 
Nitrogen of urine 
Total Urea N. Per cent. NHsg, N. cer 
Day in grms. in grms., of urea N. in grms. of NHg, N. 
1 2°10 , 2°04 90 014 0°6 
2 2°07 194 93 032 1°5 
3 1°79 1:00 
5 1°37 1°26 92 019. 1°3 
6 210 2°03 96 033 16 
+7 1°37 1°31 96 015 11 10°00 
8 161 | 1°47 91 039 2°4 
9 0:70 0°60 85 047 69 
11 1-23 0-92 75 170 18-9 
12 1°42 1°23 86 065 4°5 
©1383 1°38 91 028 2°0 3°57 
O14 0°40 042 10°0 reduction 


The daily excretion of urine and of nitrogen was more regular than 

in the last experiment. The average nitrogen excretion was as follows: 
Four days before injection ... 1°72 grms. 

Three days of injection i 

Three days after injection 

First day of second injection ... 1°38 


The first injection caused an excretion of 10°35 grms. of slncce on 
the same day, but no sugar appeared after the two succeeding injections; 
the excretion of nitrogen was not increased. Proteids were not present 
in the urine, but the distribution of nitrogen was markedly altered. 
The second series of injections was accompanied by the excretion of 


3°57 grms. of glucose on the first day and by the presence of glucose on 
the second day as well. 


Urea N. Ammonia N. 
Four days before injection — 94 1°4 
First day of injection 1-1 
Second ,, ‘91 2°4 
Third ,, 85 69 
First day following 
Second 75 13°9 
Third 86 4°5 
First day of second injection . 91 2°0 
Second ,, 100 
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' In this experiment the excretion of sugar was comparatively small 
and the decomposition of proteids as indicated by the nitrogen elimi- 
nated was not increased, but the modification of the nitrogenous | 
metabolism was profoundly altered, the proportion of ammonia nitrogen 


and of nitrogen not in ammonia or urea being steadily increased for — 


five days in the first series of — and on the second day with 
the second series. 


B. Dogs. 


Exp. XI. This was really the first experiment performed. The weather 
was warm at the time and on the fifth, sixth, seventh, and eighth days the 
urine was distinctly alkaline and appeared to have undergone ammoniacal 
decomposition. Since in a previous experiment with the administration of 
extracts of suprarenal sickness had been produced, an attempt was first made 
to compare the metabolism on a day of fasting with the metabolism on a day 
of fasting with the administration of adrenalin. The dose given was small— 
4°2¢.c. or 0°28 ¢.c. per kilo, and no result was produced. In the latter part 
of the experiment a larger dose, 10c.c. or 0°7 ¢.c. per kilo, was administered 
without fasting the animal. The experiment was concluded with the admini- 
stration of phloridzin. | | : 

The dog used was a setter bitch weighing 14°9kilos. It was kept —_ 
a fixed diet of oatmeal as ial and milk. 


for) 
for) 


IV. 
Day Inject. Sugar ____ Nitrogen of urine 
Total UreaN. Percent. NH3,N. Per 
ingrms. ingrms. ofurea N. in grms. of 
1 5°48 4°50 84 B10 5°6 
6°58 5°37 83 
3 5°85 4:92 84 397 6°8 
Fast 3°02 2°54 84 — 
7 5°48 — 
8 Fast &42.c.c. 0°66 
9°29 758 80 8-0 
-10 10. 33 grms. 6°38 5°20 81 ‘574 9°0 
Il 4°56 8°72 81 576 12°0 
12 4°87 3°83 79 ‘772 15°0 
13 5°96 4°59 717 *882 14-0 
14 11°83 phi. 45 grms. 6:13 5°33 87 110 
15 4°67 4-00 85 
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Leaving out of account the fourth day on which the dog fasted, the 
excretion of nitrogen per diem averaged as follows: | 


Day of injection and ‘hive 
Day of phloridzin injection and following day... ... 5°40 ,, . 


Although the excretion of glucose was considerable—30 grms. on 
the day of injection—the excretion of nitrogen was not increased, and 
it was found that the dog, which was on a very liberal diet, had increased 
in weight at the end of the experiment. 

The distribution of — was however materially altered. 


Per cent. of total N 
rea N. Ammonia N Other N. 
Before injection — 84 6a” 
Day of injection 81 9°0 
79 15 6°0 
” ” | 77 414 9°0 
Day after phloridzin 85 68 82 


“This shows a disturbance in the nitrogenous metabolism in the dog 
similar to that found in the rabbit, except that in the dog the decrease 
in the proportion of urea nitrogen is entirely due to an increase in the 


ammonia nitrogen. 


Since special precaution was not taken to prevent ammoniacal 
decomposition it was considered advisable to make another series of 
observations in which .the urine was caught in @ solution of hydrochloric 
acid. 


Exp. XII. An Irish terrier bitch. Weight 10-87 kilos. 

Diet. Oatmeal 150 grm. Milk 500c.c. Water 600 cc. 

On the days indicated the dog got 5c.c. of adrenalin chloride. On the 
first day the glucose was only 2:3 grm., on the second day it was practically 
absent, and on the third day it was something over 5grm. On this day there 

was a slight cloud with cold HNO, indicating the presence of a trace of 
-proteids in the urine. On the next two days the urine was free of proteids 
but gave a faint reduction. On the third day after the last injection the urine 
gave a very marked reduction, equivalent to ‘18 per cent. of glucose. Fer- 
mentation was distinct and feduced the specific gravity of the urine from 
1015 to 1012. Proteids were present to the extent of 0-025 per cent., estimated 
by Esbach’s method. On the next day, the fourth after injection, there was 
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no reduction, but a trace of proteid was still present. On the next day there 
was no reduction and proteids were absent, but they re-appeared again on 
the following day when a faint reduction was also observed. 


TABLE V. 
Day Sugar Nitrogen of urine Sulphur of urine 
in grms. gree, urea N, NH; N. grms. grms. Acid 8, in grms. 
1 - = — 
4 — 210 194 88 ‘120 57 0°86 
4 — 8°32 1:98 85 *145 6°2 0°80 
5 —_ 2°94 2°66 90 196 6°7 1:00 
6 238 ° B41 2°85 83 263 77 1-08 
7 *5 — 601 4°17 83 *878 7:5 1:08 
9 8°83 299 78 466 14-7 49 -295 58 1°28 
10 — 274 . 215 78 819 115 1-04 
1l 12 400 — 1°56 
13 0 8°86 3833 #86 "249 «64 ‘611 65 #£1°68 
14 — 860 299 8 818 8&9 1-28 
15 — 824 


1-08 


The average daily excretion of nitrogen was as follows: 


Before the injections 2°68 grms. 
On days of injections and chron succeeding days (the 3 
third day of injection is omitted since some urine 


Although the excretion of sugar was small the proteid katabolism 
was distinctly increased. 

The distribution of nitrogen was altered much in the same manner 
as in Exp. XI. On the days on which proteids were present in the urine 
the proportion was not determined. 


Per cent. | of total N 
Drea N. Ammonia N, Other N. 
Before injection 87 
First day of injection 83 77 9°3 
Second ,, i 83 75 9°5 
Third ” ” 83 
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This experiment shows very clearly that the fall in the proportion 
of nitrogen in urea is chiefly due to the increase of nitrogen in 

We had already found? that with such disturbances in the distribution 
of nitrogen when these were caused by diphtheria toxine, the proportion 
of unoxidised sulphur to oxidised sulphur is increased. The amounts of 
these were determined in the urine of the day following the injection 
and in that of fifth day after : 


Acid ur 
per cent. of total 
Day after injection 53 
Fifth day after injection 65 


The excretion of phosphoric acid was determined and it was found 
to run parallel to the excretion of nitrogen. 


P40; to 
100 of N, 
Before injection 32 
With injection and during three succeeding days 81 
Last three days 3 38 


Since the preceding experiments had yielded somewhat contradictory 
results as to the changes in proteid katabolism under the administration — 
of adrenalin, and since the possible influence of the administration of | 
adrenalin on the absorption of proteids had not been studied, it was 
thought desirable to make another set of observations. 


Exp. XIII. An old collie bitch. Weight 14-9 kilos. 


Nitrogen contained 
Diet. Oatmeal 150 grms. 2°15 3°22 
Milk 500 c.c. 1°83 
Water 600 c.c. Sra 
4°05 


On the days indicated the dog got 10c.cm. of adrenalin chloride in two 
doses. On these days there was an abundant excretion of sugar, 31 grm. 
being excreted on the first day and 20°8 grm. on the second. Proteids and 
diacetic acid were absent from the urine but from the first day onwards to 
the seventh day a dark purple ring with HNO, was visible, 


1 This Journal, xxtv. p. 331. 1899. 
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Taste VI. 
Day Adrenalin Nitrogen of urine Total N. Nitrogen | 
per diem not ingrms. average per diem 
Total Urea N. NHg, N. or NH fn grms, 
in grms, ingrms, Urea N. in grms. NHg,N. in grms. 
1 (215 8-95 or 
8 2°77 2°32 84 5°3 8°47 +-°57 
4 288 246 8 179 62 8-8 
5 Lost 
6 Wee. 81 8-69 8:10 84 170 46 11°4 2°78 or 
7 28 478 894 82 277 (68 
8 872 810 «688 7-0 4°66 66 
9 8°62 3°02 83 6°5 10°5 
10 210 88 “184 5B 118) gogo 868 +°47 
11 4-08 3°50 85 *170 4-1 10°9 0°56 
12 B16 «684 «6154 per 
18 197 168 85 120 60 90) diem 
The nitrogen balance is given below: © 


Intake per diem Output per diem Balance 

Urine Faces Total | 

First Period (before injection) 405 8-47 
68 
56 


Second Period (days of injection : 
and two subsequent days) 4°05 8°95 
Third Period (four succeeding days) 4°05 2°97 


463 +58 
8538 


The experiment does not show any disturbance in the absorption of 
nitrogen, which seems to have steadily improved as the dog becomes 
more accustomed to the oatmeal diet. . The very marked increase in 
the excretion of nitrogen under the administration of adrenalin is seen — 
to be due to an increased proteid katabolism, the output exceeding the 
intake by 0°63 grm. of nitrogen or 3°9 grms. of proteid. In this experi- 


ment the disturbance in the distribution of nitrogen is less marked than 


in the others although it is in the same direction. 


| ‘Urea N.  AmmoniaN, Other N. 
Before injection 84°5 5°5 10 


Days of injection andtwo 
‘succeeding days 83°0 59 | 


Four succeeding days 84:2 5-0 
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CONSIDERATION OF THE EXPERIMENTS ON PrOTEID. METABOLISM. 


These experiments indicate that the sugar excreted is not entirely 
derived from the proteids of the food or of the body. Throughout the 
series there is a striking absence of any relationship between the 
amount of sugar and the amount of nitrogen excreted. In Exp. XIII. 
where the sugar eliminated was large in amount—50 grms. in two days 
—and where the proteid katabolism was distinctly increased, the decom- 
position of proteid, 14°35 grms., was quite insufficient to yield the sugar 
exereted. 

The most ssarked change i in the proteid metabolism is the increase 
in the proportion of ammonia nitrogen and the concomitant fall in the 
proportion of urea nitrogen under the administration of adrenalin. This 
occurred both in rabbits and in dogs, and in every case, except in the 
last experiment, it was well marked, In this respect the metabolism 
under the influence of adrenalin resembles the condition in true 
diabetes. 

The very marked increase in the ammonia found in Exps. X. and 
XI. as compared with that in Exp. XII. is rendered explicable by 
Dr Scott’s investigation made in this laboratory, on the action of large 
doses of glucose on the metabolism’. He shows that the subcutaneous 
injection of such doses produces an increased proteid metabolism and 
generally an increased production of ammonia, and he refers to 
Harley’s demonstration of the production of lactic acid* as an 
intermediate product in the metabolism of sugar and pvints out the 
probability that the disturbances in the proteid metabolism observed by 
him are due to such a production of acids. 


If then the administration of adrenalin Sadako with the proper - 


utilization of glucose by the tissues, as these experiments show to be 
the case, then, if the tissues are absolutely unable to metabolise sugar 
even imperfectly and it is at once eliminated, the toxic effects of its acid 
products will be absent as in Exp, XII; but if the utilization of 


sugar is simply interfered with, then as in Exps, XI. and XII. the 


toxic effects of intermediate acid products will manifest themselves 
by the increased formation of ammonia. 

. The proteid metabolism was not increased in either of the rabbits 
or in : the first dog used. But it was distinctly increased in the last two 


a This Journal, xxvut. p. 107. 1902. 
48 This Journal, xx1. p. 891, 1891. 
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dogs. The explanation of this is simple. In the rabbits and in the 
first dog the diet was liberal, but in the last two dogs used an 
insufficient diet was given. 


_ The following Table shows the marked diflorance in the diets of 
the dogs. | 


Weight of Dogs and Proteid absorbed. 


Total Per kilo 
Exp. XI 14:95 6-0 
10°87 2-68 16-7 15 
14-95 2-48 16-7 1-1 


In Exp. XI. the supply of food was so liberal that the withdrawal 
of 33 grms. of glucose caused no increase in the proteid metabolism, 
while in Exps, XII. and XIII. where the supply of food was insufficient 
to maintain the weight of the animal, the onset of glycemia caused an 
increased proteid metabolism. 


ConcLUSIONS. 


The subcutaneous administration of adrenalin in dogs and rabbits 


- causes a true glycosuria and glycemia, the degree of which depends 


largely upon the amount of carbohydrates in the body but which occur 
when stored carbohydrates have been eliminated. The glycosuria is 
apparently due to a diminished utilization of sugar in the.tissues since 
it is not due to a mere increased formation of glucose or to increased 
excretion of sugar by the kidneys. 

That the effect is due to a toxic action of the adrenalin and that 
it is not caused by an interference with the processes of oxidation due 
to the vascular changes is indicated, first by the extent of the glycosuria 
—which is far more marked than that observed as the result of mere 
interference with oxidation, and secondly, by the fact that the glycosuria 
is slight in guinea-pigs where the vascular changes are much more 
prominent. 

The observations of Herter support the view that the toxic action 
is not a direct one, but that it operates through the pancreas. 

During the prolonged daily administration of adrenalin, days may 
occur on which sugar does not appear in the urine. 

A distinct tolerance of the drug is established. 
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Diacetic acid and acetone have not been detected in the urine of 
dogs, but a dark red ring at the junction of the urine with nitric acid is 
constantly present. 

_ The study of the proteid metabolism shows (1) that the sugar is not 
entirely derived from the breaking down of proteids, (2) that there is a 
markedly increased production of ammonia, and (3) that, on an insuf- 
ficient diet, the decomposition of proteids is markedly increased, while 
the absorption of proteids is not interfered with. The proteid metabolism 
under adrenalin thus behaves as it does in ordinary diabetes. 


Dr Drummond is at present investigating the structural changes 
in the tissues produced by the administration of adrenalin in these 
experiments, 
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THE PRECIPITABILITY OF PANCREATIC FERMENTS > 
BY ALCOHOL. By H. M. VERNON, M.A, MD., Fellow of 
Magdalen College, Ozford. (Four Figures in Text.) 


(From the Laboratory, Oaford.) 


CONTENTS. 
- The fractional precipitation of pancreatic extracts by alcohol . . 303 
The destruction of trypsin by alcohol precipitation . . . «. £814 
The precipitability of zymogen by alcohol . 818 
The destructive action of alcohol, on the diastatic $22 
The instability of precipitated diastatic ferment . . . . =. 327 
The chemical constitution of enzymes . . . 829 


In previous papers’ I have shown that the trypsin of pancreatic extracts 
varies in stability. The ferment of active or undeteriorated extracts is 
exceedingly unstable to the action of sodium carbonate, whilst that of 
extracts which have been kept, and have undergone deterioration, is more 
and more stable the smaller the amount of ferment still remaining 
undestroyed. ‘These facts seemed to me to imply the existence of series 
of trypsin molecules of varying degrees of stability. If such varying 
molecules exist, it ought to be possible to separate them to some extent, 
and with this end in view, experiments were made upon the fractional 
precipitation of pancreatic extracts by alcohol. Of previous observations 
bearing upon the subject, those of Danilewsky* upon the partial 
separation of the tryptic and diastatic ferments are the earliest, and 
likewise the most important. Danilewsky found that if collodion 
solution (in alcohol and ether) were added to pancreatic extracts, a 
precipitate was thrown down, which, when extracted with water, gave 
a solution containing trypsin but no diastase. The filtrate from the 
precipitate, however, contained a large amount of diastase, but only a 
little trypsin. These results have been partially confirmed by Loss- 


1 This Journal, xxv1. p. 415, xxviz. p. 283, and xxvuu. p. 452, 
2 Virchow's Archiv, xxv. p. 279. 1862. i 
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nitzer’. Again, Dastre* found that trypsin is only very slightly 
soluble in 50°/, alcohol, whilst pancreatic diastase is 
in 65 ‘h alcohol. 


The Fractional Precipitation of Pancreatic Extracts by Alcohol. 


The observations to be described were all made upon glycerin 
extracts of pig’s or of sheep’s pancreas, Known quantities of the 
extracts were well mixed with from ‘8 to 4 times their volume of pure 
absolute alcohol, and after standing one or two days at room temperature, 
the mixtures were filtered, and the amounts of tryptic, rennetic and. 
diastatic ferments in the clear filtrates determined by the methods — 
described in previous papers’, The filter papers with the precipitate 
on them were shaken up with known quantities of water (generally the 
same volumes as of the glycerin extract precipitated), and allowed to 
stand for 24 hours. By this time all of the precipitate.had passed into 
solution, and the tryptic, rennetic and diastatic ferments present were 
ee as sna In the es table are given the results 


Filtrate Precipitate dissolved in water 


Glycerin ext. +°67 ¢.c. alcohol 81°7 95% 80 893 28 — 


lof ext.to ‘Sofalcohol 29° 796 27 812 28 . 2-02 (409) 8-7 (4:8) 46 
is 26° 72°7 2°7 79°8 80 4:17 (68-2) 14-2 (8°4) 6-4 
20°38 559 2°7 680 83 865 45°3 172 20 7:4 
is 283 80 566 60 152 515 21 
276 — — 846125 211 G15 45°2 2:1 93 
156 — — 176168 28:1 59:2 45°2 20 102 
— — 36 — 646 2-1 192 


obtained with a glycerin extract of pig's pancreas. The glycerin used 
contained about 45°/, of its bulk of water, and four parts by volume of — 
it (in c.c.) had been kept in contact with one part by weight (in grams) 
of finely minced gland substance for 12 days, and had then been filtered 
off and kept for some months previous to use. The filtrates from the 
precipitates contained varying but known amounts of alcohol, and as 
alcohol considerably influences the rate of digestion of fibrin by. — 
1 Arch. d. Heilk, y. p. 556, 1864. 


Arch. d. Physiol. p. 120, 1896. 
This Journal, xxv1. p. 405, and xxvu. p. 174. 
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it was arranged that the amount present in the digestion tubes should 
always be the same. In the present series of experiments this amount 
was °67 c.c., and if, for instance, in determining the tryptic value of the 


- filtrate from the extract mixed with an equal volume of alcohol, ‘4 c.c. 


of liquid were used, or a volume containing ‘2 c.c. of alcohol, then 
‘67 —‘2=°47 c.c. of alcohol was added to the digestion tube in addition. 
From the table we see that the pure glycerin extract, unprecipitated 
by alcohol, had a tryptic value of 31:7 when allowed to digest in the 
presence of ‘67 c.c. of alcohol. The addition of ‘8 or 1 volume of alcohol 
to the extract caused but little precipitation of trypsin, as the values 
in the table show, but 1:5 volumes of alcohol threw down a third of 
the trypsin, and 2 volumes, more than two-thirds, whilst 3 volumes 
threw down the whole of it. The rennet ferment was precipitated to 
almost exactly the same extent as the tryptic, the ratios of R to T, 
which are given in the fourth column of the table, being constant within 
the limits of experimental error. It is far otherwise with the diastatic 
ferment, as the above quoted researches of Danilewsky and of Dastre 
would lead us to expect. This ferment is much more soluble than the 
tryptic, so that the ratio of D to T steadily rises with the proportion 
of alcohol added. With two volumes of alcohol, the filtrate was found 
to contain its diastase and trypsin in the relation of 6 to 1, instead of 
the original 2°8 to 1, whilst with 23 and 2°6 volumes of alcohol, the 


relationship rose to about 12 to 1. These differences in the precipita- 


bility of the two ferments by increasing amounts of alcohol are 
reproduced diagrammatically i in the accompanying figure. The strength 
of alcohol used is indicated in percentages on the abscissa, 1 volume 
of alcohol being 50°/,, 2 volumes 66°7°/,, and 3 volumes 75°%/,. 
The ordinates indicate the percentages of ferment still left in the 
filtrates upon that originally present. It will be seen that the tryptic 
and diastatic values diminish quite steadily with increase in the strength 
of alcohol. It should be mentioned that in this series of experiments 


the alcohol was left in contact with the glycerin extract for two days 


before filtration. The dotted line curve in the figure will be referred to 
later. 

The ferment activities of the aqueous solutions of the various 
precipitates are given in the right half of the above table. Here we 
see that, as would naturally be expected, the tryptic values show a 
steady rise according as more and more of the trypsin was precipitated — 
by the increasing strengths of alcohol. The regularity of the rise is 
well indicated by the curve given in the accompanying figure, which 
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shows the percentage tryptic values on that of the ferment present in 
the solution of the precipitate thrown down by 3 volumes of alcohol. 
Supposing no ferment had undergone destruction, this curve should rise 


2 
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PERCENTAGE OF FERMENT 
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Fig. 1. 
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at exactly the same rate as the curve of the tryptic values of the filtrates 
falls; but it does not do so altogether, for, as will be shown later, a good 
deal of the ferment is in every case destroyed by the precipitation and 
re-solution. 

The destruction rates of these aqueous solutions of precipitate are 
- given in the second column of the right half of the table. They represent 
the percentage amount of ferment destroyed on keeping some of the 
solution for one hour at 38° in the presence of *4°/, Na,CO,. The 
solutions of the precipitates thrown down by from 2°3 to 3 volumes of 
alcohol—strengths of alcohol sufficient to remove from solution prac- 
tically the whole of the trypsin originally present—had an average 
destruction rate of 58:4°/,. The solution of the trypsin precipitated by 
2 volumes of alcohol had a destruction rate of 51°5°/,, and that by 
1:5 volumes of alcohol, one of 45:3°/,. The values obtained with the 
1 and ‘8 volume of alcohol precipitates are given in the table in brackets, 
as the tryptic power of these solutions was too small for accurate 
estimation. Considering only the values mentioned, there seems to be 
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a slight but distinct diminution of the destruction rate of the ferment 
thrown down by the lesser strengths of alcohol; or, otherwise put, the 
first portions of ferment precipitated by the Alcohol ‘seem t6 be slightly 
more stable than the subsequent portions. It is to be noted, however, 
that the difference is only slight in comparison with the differences of 
destruction rate of the trypsin of kept extracts. In an extract which 
has undergone a considerable deterioration this destruction rate may fall 
to 10 or even to 5°/,. Other evidence will be adduced later which 
indicates that in all probability there is no differential precipitation 
whatever of the ferment by the alcohol, and that the destruction rate is 
in reality the same, whether the ferment molecules be precipitated by 
_ low or by high strengths of alcohol. It may be mentioned here that it 
was not found possible to determine the destruction rates of the ferment 
remaining in solution in the filtrates, because the alcohol present upsets 
all the conditions. The alcohol itself decomposes the ferment rapidly 
at 38°, and, in the presence of ‘4°/, Na,00,, destroys all but 10 to 15°/, 
of it in an hour. - 

The rennetic values of the eoltioni of the precipitates are given in 
the next column of the above table, and it will be seen that they run 
closely parallel to the tryptic values, just as in the case of the filtrates. 
In fact, the ratios of R to T are almost identical for all except the first 


two sets of values in the series. “These values are so small that their — 


exact determination is almost impossible. Consequently the ratios 
between them have been placed in brackets, to indicate their very 
doubtful validity. Still it must be admitted that this rise of the ratio 
is so considerable that it can scarcely be due to experimental error in 
its entirety. It has been pointed out in previous papers that as a rule 
the rennetic ferment is distinctly more stable a body than the tryptic, 
and it is probable that on solution of the precipitated ferments in 
water a somewhat greater proportion of the tryptic ferment undergoes 
destruction than of the rennetic. The relative amounts of tryptic and 
rennetic ferments actually precipitated must have been practically the 
same in all cases, because, as we saw above, the ratios between the 
amounts still left in the filtrates were nearly constant throughout. The 
average ratio of R to T in the solutions of the precipitates is 2°06 
(neglecting the first two values), whilst the average ratio of R to T in 
the filtrates was 2°82. This apparent discrepancy is due to the fact 
that in determining the tryptic values of the filtrates, the digestiuns 
- were always carried out in the presence of ‘67 ¢.c. of alcohol. As a 
mean of several observations, it was found that the bed ee value of an 
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extract was on an average reduced to 72°5%, its full value by the 
addition of this amount of alcohol. Correcting for the alcohol, therefore, 
the average ratio of R to T in the filtrates becomes 2°04, or practically 
the same as in the solutions of the precipitates. 

In the last column of the table are given the diastatic values of the 
solutions of the precipitates. It will be seen that, though these values 
increase fairly regularly with the strength of alcohol used, yet they are 
all of them very low in amount, and represent only a small fraction of 
the diastatic ferment actually thrown out of solution by the alcohol. 
For instance, the amount of ferment precipitated by 3 volumes of 
alcohol was 89°3 — 2°6 = 86°7 units. Of this, only 122 units were re- 
covered, or about six-sevenths of the ferment had undergone destruction 
in the course of the precipitation and re-solution. | 

The next table shows a similar but briefer series of observations 
carried out with some of the same glycerin extract of pig’s pancreas. 
The alcohol was left in contact with the glycerin extract for only one 
day before filtration instead of two days, and this made a considerable 
difference in the diastatic values of the filtrates. The curve of these 
values is given as a dotted line in the above figure, and it will be seen 
there that considerably less of the ferment was thrown out of solution— 

or rather, destroyed—than in the former series of observations. The 


Filtrate Precipitate dissolved in water 


Philip 


Glycerin ext.+10.c. aloohol 23°4 955 41 893 38 — -- 
1 of ext. to 1 of aleohol 20°4 699 34 851 42 47 — 97 21 93 
1 127 58°7 42 755 569 90 527 1657 18 846 
10°2 40-4 40 690 68 6507 26:1 20 118 


tryptic and rennetic values are practically uninfluenced by the duration 
of the alcohol contact. Thus the three small circles near the “trypsin 
dissolved” curve of the above figure indicate the tryptic values obtained 
in the present series of observations. Though not in good agreement 
with the former values, yet they do not obviously depart from them — 
more in one direction than another. Again, in the former series of 
observations, the tryptic values of the filtrates from extract and ‘8, 1 
and 1°5 volumes of alcohol were redetermined after 10 days, and on an 
average were found to have diminished only by 2°5°/,. . The filtrate 
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from extract and 2 volumes of alcohol had, however, diminished by 


31°/, in this period. 

The tryptic values of the filtrates in this series of observations were 
all determined in the presence of 1 c.c. of alcohol, not 67 cc. This 
delayed the digestion considerably, control experiments showing that 
on an average the tryptic value was diminished to 55°0°/, of its full 
amount by the addition of this volume of alcohol. The apparent ratio 
of R to T in the present series was, on an average, 3°92; but corrected 
for the alcohol present, this becomes reduced to 2°16, or a similar value 
to that obtained before. As before, also, the ratio of R to T remained 
fairly constant throughout, whilst that of D to T rose steadily with the 
strength of the alcohol. The aqueous solutions of the precipitates 
thrown down by the alcohol gave similar values to those of the former 
series, as can be seen by reference to Fig. 1, where the three small 
hollow squares indicate the values obtained in the present series of 
experiments, As before, the destruction rate of the ferment thrown 
down by the lesser strengths of alcohol was slightly smaller than 
of that thrown down by 3 volumes of alcohol. The ratio of R to T 
remained practically constant throughout, even in the case of the 
precipitate thrown down by 1 volume of alcohol, whilst the average 
ratio of R to T was 2°03, or nearly the same as before. 

The next experiments were made with a glycerin extract of pig’s 
pancreas of approximately the same dilution as before, but the glycerin 


had been left in contact with the gland substance only four days before — 


filtration. The filtered extract attained its maximum tryptic power 
(te. all the zymogen was converted into enzyme) within three days of 
this time, and the alcohol precipitations were begun within a week of 
it. The results obtained are given in the accompanying table, and 
here it will be seen that the extract was a much more active one than 
that used before, it containing two or three times as much tryptic and 


Glycerin ext. +°75¢.c. alcohol 72°38 278 38 261 B86 
1 of ext. to 1 of aleohol 64°3 209 83 251 89 565 5380 585 260 46 4 
39° 164 41 237 60 189 579 611 59:1 81 1:1 
39 164 123 405 612 6382 124 80 52 
14 — — 188 687 692 67:0 157 25 179 
1 


a 0 — — 108 — 682 648 670 168 27 167 
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diastatic ferments. Nevertheless the proportional amounts of ferment 


precipitated by alcohol of various strengths correspond fairly closely — 


with those observed in the previous series, as can be gathered by 
comparing the curves given in the accompanying figure with those in 
Fig. 1. The precipitates were filtered off one day after mixing the 


extract and alcohol, but the diastatic and tryptic ferments in the | 


filtrates were estimated after two days, as well as after one day. As 
before, a good deal of diastatic ferment was destroyed during the second 
day, whilst the tryptic values remained practically unchanged. The 
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ratio of R to T in the filtrates kept fairly constant, whilst the ratio of 
D to T increased rapidly with increasing strength of alcohol. In the 
previous series of experiments, the precipitates thrown down by the 


alcohol were dissolved directly filtration was complete, the whole filter 


paper being placed in the requisite quantity of water. In the present 
series, however, they were in each case washed with mixtures of alcobol, 
glycerin and water of the same composition as the liquids filtered. 
Owing to the slowness of filtration, this washing was continued for 
24 hours, and the precipitates were then dissolved in water as before, 
and the ferments in these aqueous solutions estimated next day. We 
see from the table that in spite of the washing, a moderate amount of 
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diastatic ferment was present in all but the first two aqueous solutions. 
Indeed, the solution of the precipitate thrown down by 3 volumes of 
alcohol contained absolutely more diastase than the corresponding 
solution in the first series of observations, though it contained only 
about half as much, relatively to the amount of diastase present in the 
extract before precipitation. Undoubtedly, therefore, a small quantity 
of the diastase thrown down by the alcohol is egie, acned recoverable 
on addition of water. 

The percentage tryptic values of the aqueous solutions of the 
precipitates are given in the figure. It will be seen that the curve does 
not bear such a close inverse relationship to the curve of tryptic values 
of the filtrates as in the previous series of observations. The values of 
the 1 and 1°5 volumes of alcohol precipitates are distinctly too small. 
That this is the case is borne out also by the ratios of Rto T. Thus 
this ratio is slightly but appreciably greater in the solutions of the 
precipitates thrown down by 1°5 and 2 volumes of alcohol than in those 
of the precipitates thrown down by 3 and 4 volumes, whilst in the 
solution of the 1 volume of alcohol precipitate it is greater still. In 
_ fact, it looks most distinctly as if the relative amounts of the two 
ferments thrown down varied with the concentration of the alcohol. 
Probably, however, it is nothing of the kind, for as in the previous series 
we have seen that the relative amounts of the two ferments still re- 
maining in solution were practically constant. It will be shown later 
that a good deal more of the trypsin precipitated by the lesser strengths 
of alcohol underwent. destruction than of that precipitated by the greater 
strengths. The more stable rennin was not so much affected, and hence 
the ratios of R to T in the aqueous solutions of these precipitates seem 
to vary with the strength of alcohol used. 

As in the previous series of observations, the destruction rate of the 
trypsin in the aqueous solutions is seen to be greatest in the case of the 
precipitate thrown down by 3 and 4 volumes of alcohol, and steadily to 
diminish with the strength of alcohol used for precipitation. But in 
the present instance a good deal of this apparent diminution of destruc- 
tion rate is due to an error which can be allowed for, and if trouble be 
taken, be avoided. The error lies in the fact that the destruction rate 
of an extract is appreciably influenced by the time of digestion of the 
fibrin, As I have pointed out elsewhere’, “the more prolonged the 
—" the less becomes the difference between the tryptic power of 


1 This Journal, xxvut. p. 460. 
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a fresh extract and that of an extract which has previously been 
treated with Na,CO,. The more unstable molecules of the fresh 
extract are soon destroyed, and therefore count for nothing in the later 
stages. of digestion. When the digestion time is short, however, many 
of the unstable molecules remain undestroyed throughout the digestion 
period, and so the rate of digestion, as compared with that of an extract 
previously exposed to Na,CO,, is relatively quicker.” In the present, 
destruction rate determinations the quantities of uqneous solution 
taken were varied with the object. of getting all the digestion times 
of the fibrin nearly the same, but not very successfully. In the case of 
the precipitates thrown down by 3 and 4 volumes of alcohol, the 
digestion times (both directly, and after keeping 1 hour at 38° with 
Na,CQ,) were all about 40 minutes; but with the precipitate thrown 
down by 1 volume of alcohol the times were about 64 minutes, and 
with the other precipitates the times were intermediate between these 
extremes. In order to estimate the necessary correction for this varying 
_ factor, the effect of digestion time upon destruction rate was determined 
by experiment. Working with some of the same glycerin extract of 
_ pig’s pancreas as that used above, the following data were obtained : 


Fresh extract Extract 1 hour at 88° with “4 p.c. NagCO, 
T Calculated 
Digestion ‘value value, “value” Digetion 
mins. mins. 
17°9 103°5 102°1 20 66°2 
26 103 °2 106°1 330 41°9 86°1 80 63°2 
109°7 84°6 40°6 42°1 40 604 
88:1 1189 109°7 417 «41645 
47°9 1180 116°9 §2°3 50°2 50°6 60 
76°8 1219 121°2 69°7 572  °}§#658 70 53°9 


102°3 121°2 121°7 1240 547 55-9 onwards 


Here we see that with increase of digestion time there was a distinct 
and more or less regular increase of tryptic value. The reason of this 
is that the calculated relationships of tryptic value to digestion time 
applied in this case did not accurately fit. I pointed out! from the first 
that it was impossible accurately to estimate the tryptic values of 
various extracts from any single table of experimentally determined 
data, because such data necessarily varied according to the stability, or 
destruction rate, of the extract worked with. The table of relationships © 
I then gave was roughly suitable for comparatively stable extracts, with 


1 This Journal, xxVI. p. 424, and xxvu. p. 319, 
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' @ destruction rate of less than 40°/,. I have since constructed two | 
other tables', one suitable for extracts with destruction rates of 40 to 
60°/,, and the other for very unstable extracts, with destruction rates of 
over 60°/,. This last is the table I used in the: present determinations, 
but, as the extract employed had a destruction rate of about 60°/,, it is 
obvious that neither set of data could be expected to give an accurate 
fit of fact to theory. To get such a result it would be necessary to 
have a large number of sets of relationships, varying according to the 
destruction rate of the extract under examination. Even then the fit 
might not be at all accurate, for a glycerin extract which had been kept 
a long time, and had in consequence undergone much auto-digestion, 
- might, owing to the inhibitory influence of its digestion products, be 


best adapted to a “stable ferment” relationships table, though the 


ferment in it was still in reality very unstable. 

The tryptic values given in the above table have been plotted out 
and a mean curve drawn through them, the mean values so ascertained 
being given in the next column of the table. It will be seen that they 
are in good agreement with the ascertained values, the average 
difference between them being, in fact, only 1°9°/,. The next column 
gives the tryptic values of portions of the extract which had been 
diluted with about 10 volumes of water, and sodium carbonate added 
up to ‘4°/,, and had then been kept at 38° for exactly an hour. The 
values found are somewhat irregular, the average difference from the — 
mean values being 5°0°/,. From these two sets of values the destruction 
rates of the extract with various digestion times have been calculated, 
and these rates are given in the last column of the table. Here we 
see that the destruction rate is only 53°9°/, with a 70 minute digestion 

time, as compared with one of 66'2°/, with a 20 minute digestion time. 
It is from these values that the corrected destruction rates of the 
aqueous solutions of the precipitates given in the table a few pages 
back have been calculated, and it can be seen that these corrected 
rates indicate a much slighter diminution of destruction rate with 
diminished strength of alcohol. Still there can be no doubt that 
a diminution still remains, in spite of corrections. This may in part 
be due to the fact, already mentioned, that more of the trypsin thrown 
down by lesser strengths of alcohol was destroyed on re-solution than 


1 I do not give these tables here, as I should advise anyone who makes use of the 
method I employ to carry out the digestions in 05 or *1°/, Na,CO,, instead of in 
4°], Na,CO,, as I have done. This would necessitate the experimental determination 
of fresh sets of relationships. 
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of that thrown down by greater strengths. The most unstable mole- 
cules would of course be destroyed first, whilst the stabler molecules 
would be left. 

In the first series of observations .given in this paper, a slight 
correction for digestion time was applied only in the case of the 
solution of the precipitate thrown down by 1°5 volume of alcohol. 
With solutions of precipitates thrown down by greater strengths of 
alcohol than this, the digestion times varied only from 50 to 61 
minutes, hence it was hardly worth while to make corrections. 

It will have been realised that to perform these fractional alcoholic 
| precipitations of pancreatic extracts with much success, it is necessary 
that the extracts should be very active ones. It is difficult to get 


extracts of animals other than the pig of a sufficient degree of activity, 
and hence the observations made upon a glycerin extract of sheep's 
pancreas, which will now be described, are not so reliable as those 
on pig’s pancreas extracts. This sheep's extract had been in contact 
with the gland substance for six months before filtration, and had 
undergone a slight (10 ‘to 20°/,) deterioration in tryptic power. 
From the data given in the accompanying table, it will be seen 
that the precipitation was much more complete than in the pig’s 
pancreas extracts. This was owing to the extract being made with 
70°/, glycerin, instead of 55°/,. The precipitates were filtered off two 
days after mixing extract and alcohol, and hence the relative amounts 
of trypsin and of diastase remaining in solution do not differ very 
greatly, the differences being somewhat less than were observed in the © 
pig’s pancreas extracts after two days. The ratio of R to T in the 
filtrates was fairly constant, it averaging 7°70. Correcting the tryptic 
values for the ‘67 c.c. of alcohol present in the digestion tubes, this 


Filtrate Precipitate dissolved in water 


Glycerin ext. + °67 c.c. alcohol 22°38 199 87 230 1°01 
1 of ext. to 1 of alcohol 150 105 70 19°2 1°28 272 — 188 69 1°18 
1 ws 15 om 699 445 7°4 9°71 1°62 6°45 799 6516 80 1°90 
1 2 130 — — 840 89°9 38°40 
8 0 — 145 840 112 77 2°79 


value becomes 5°58, or + aeiielliy double the ratio of R to T observed 
in pig’s pancreatic extracts. This doubling of the relative amount of 
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rennet ferment in sheep’s pancreatic extracts has been commented on 
elsewhere’. | 

The aqueous solutions of the precipitates thrown down by the 
alcohol show a regular increase in tryptic and in rennetic value with 
increasing strength of alcohol used, the ratios of R to T being more 
constant than in any of the other series. The average ratio is 7°5, or 
considerably higher than the corrected ratio of the ferments in the 
filtrates. This is probably due to an excessive destruction of the 
tryptic ferment, for the amount recovered was very much less than in 
the other series, and also its destruction rate was exceedingly high. 
In fact, this rate averaged 82°6°/,, or nearly five-sixths of the ferment 
was destroyed in one hour’s exposure to 4°/, Na,COQ, at 38°. A 
repetition of these determinations gave an almost identical result, hence 
there can be no doubt as to their genuineness, As in the other series 
of observations, the precipitate thrown down by the lesser strengths of 


‘alcohol was slightly more stable than that thrown down by the greater 


strengths, but the difference observed is small ses to be — the 
limits of error, 


The Destruction of Trypsin by Alcohol Precipitation. 


If the tryptic values of the aqueous solutions of the precipitates 
thrown down by the alcohol be compared with the losses of tryptic 
value in the corresponding alcoholic filtrates, it will be found that in 
every case a considerable amount of ferment has disappeared. In the 
accompanying table are given the comparative results obtained in the — 
first series of observations on pig’s pancreas extracts. The first — 
column gives the tryptic values of the filtrates, corrected for the 


pre- 
cipitates 
recovered 
ered 
(other 
p.c. rennin 
recovered 


(other series) 
Mean p.c. 
recovered 


> 
Glycerin ext. alone 47 — — 
lof ext.to‘8 ofalcohol 400 37 202 55 — 55 |159 87 5 — 55 
70 417 60 71 65 | 228 142 62 388 50 
28°'7 865 568 44 51 | 396 172 #48 388 «40 
1380 307 50 53 51 | 672 3813 47 47 47 
38 3899 211 53 — 58 — 4642 —- —- — 
2°15 415 23:1 56 — 56 — 462 — — 
0 437 246 56 51 955 521 55 51 653 


1 This Journal, xxvri1. p. 459. 
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alcohol present in the digestion tubes. The next column gives the 
amounts of trypsin which disappeared as the result of alcohol pre- 
cipitation, and the next, the amounts recovered in the aqueous solutions 
of the precipitates. From the next column we see that the relative 
amount recovered was roughly constant throughout, it being on an 
average 55°4°/,. About two-fifths of the trypsin was therefore destroyed 


the processes of precipitation and re-solution. A slight amount. 


of this destruction is effected by the direct action of the alcohol, 
for it was found that on keeping some glycerin extract of pig's 
pancreas with 3 volumes of alcohol for 1 day, its tryptic value—as 
determined by adding 1 cc. of the mixed liquid to the digestion 
tube—was 13°9°/, less than when ‘25 cc. of the same extract was 
added directly to a digestion tube in which -75 cc. of alcohol had 
previously been introduced. After standing for 2 days the tryptic 
power of the glycerin and alcohol had diminished by 19°8°/,; after 


4 days, by 22:2°/,, and after 8 days, by 29°2°/,. 


Probably the greater part of the trypsin destruction is connected 
with the re-solution of the precipitated ferment in water. These 
aqueous solutions are very unstable and their tryptic power quickly 
diminishes. Though in all the experiments hitherto described the 
precipitated ferment was mixed with water for 24 hours before its 
tryptic power was tested, it was found subsequently that solution was 
complete in two hours or less, and that during the next 22 hours a 
distinct amount of the dissolved ferment underwent destruction. 
As a mean of four observations, it was found that the proportion of 
ferment present in the solutions 2 hours. after adding the water 
was 60°2°/, on that precipitated, whilst after 24 hours it had fallen 
to 55°3°/,. Again, as a mean of 10 not very concordant observations, 
the amount of ferment present in the aqueous solutions after 1 day was 
found to be 55°0°/, on that precipitated, whilst after 2 days it had 
fallen to 47°8°/,. It-is obvious, however, that the greater part of the 
destruction of the trypsin must take place during the first 2 hours, 
when the ferment is just passing into solution. Actual proof that 
such rapid destruction occurs was obtained in the case of the 
diastatic ferment, as will be indicated later. 

The above table shows also the percentage amounts of trypsin 
recovered in the other series of observations made upon some of the 
same extract of pig’s pancreas. The values, though somewhat irregular, 
show that the destruction of the trypsin was about the same as before. 
In the right half of the table are given the percentage amounts of 
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rennetic ferment recovered in the two series’ of observations. In 
calculating these amounts, no correction was necessary for the alcohol 
present in the filtrates because of the minute quantities of extract used 
in the ferment estimations. The relative proportions of rennin re- 
covered were not so constant as were those of the trypsin, but this is 
only to be expected, considering the comparative inaccuracy of the 
method of rennet ferment estimation. However, the means of the 
rennin values obtaitied in both series of observations are more constant. 
The average mean percentage recovery is 49°/,, whilst in the case of 
the trypsin it is 55°/,. This difference, though somewhat considerable, 
is within the limits of experimental error, which becomes much aha 
gerated in this method of tabulating results. 

The data obtained with the very active glycerin extract of pig’s pan- 
creas are given in the accompanying table. The tryptic values of the 


filtrates were in this case multiplied by ara as the digestions were 


68° 
carried out in the presence of ‘75 c.c. of alcohol, not ‘67 cc. The 
relative amounts of trypsin recovered are not so constant as before, 


p.c. rennin 
recovered 


Glycerin ext. alone 105°5 — 
lofext.tolofalcohol 93°9 11°6 5°65 49 _ 64 26°0 41 
% 57°8 47°7 18°8 40 109 
19°4 86°1 40°5 47 221 124 56 

0 105°5 63°2 61 278 168 62 


there being apparently a greater destruction of the ferment thrown 
down by the lesser strengths of alcohol. This result is of no signifi- 
cance as regards the value obtained with the ferment. precipitated by 
1 volume of alcohol, for in its case a very slight error in the deter- 
mination ‘of the ferment present in the unprecipitated extract becomes 
greatly exaggerated. If, for instance, the tryptic value of the original 
extract had been 103°5 instead of 105°5, then the amount of ferment 
recovered would have worked out at 59 °/,, instead of 49°/,. As regards 
the values obtained with the ferment precipitated by 1°5 and 2 volumes 
of alcohol, however, such a variation of the tryptic value would have 
changed the amounts of trypsin recovered from 40 and 47 °/, only to 
41 and 48°/, respectively. There is little doubt, therefore, that there 
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was an excessive destruction of trypsin in their case. The more stable 
rennet ferment, on the other hand, showed no such excessive destruction. 
It is for this reason that the ratios of R to T in the precipitates thrown 
down by these strengths of alcohol were found to be distinctly higher than 
the ratios in the precipitates thrown down by 3 and 4 volumes of 
alcohol. 
With a view to determining something further as to the character 
and amount of the ferment recoverable after alcohol precipitation, a 
few observations were made with other glycerin extracts. In every 
case the extract was mixed with 3 volumes of absolute alcohol, the 
precipitate filtered off after 24 hours, and this dissolved in water 
for 24 hours before testing. The results obtained are collected in the 
table, | 
precipitate rate 


Pancreatic extract gual extract rate 


55 p.c. glyc. ext. pig 12 days 42°5 64°8 24°6 64°6 57°9 
45% 112°5 62°8 63°7 670 56°6 
55 lmonth 115:1 65°0 58°4 729 60°7 
70 » Sheep 6months 74°0 14°5 462 


The extracts have been arranged more or less in order, according to 
the length of time during which the glycerin was left in contact with 
the gland substance before it was filtered off. The object of: this 
arrangement is to show that whilst the destruction rate of the ferment 
in the various extracts was but little influenced by the length of 
contact, that of the ferment in the aqueous solutions of the precipitates 
thrown down by the alcohol was distinctly greater when the period 
of extraction was prolonged. This conclusion is well supported by the 
data given in the second and third lines of the table. These were 
obtained with the same extract, some of which was filtered off from 
the gland substance after 4 days’ contact, and the remainder, after a 
month’s contact. It seems to follow, therefore, that the glycerin 
removes some deleterious substances from the gland tissue, and that 
these substances are especially harmful to the trypsin after precipitation 
from the glycerin extracts by alcohol, and re-solution in water. The 
more prolonged the period of extraction, the greater the amount of 
such deleterious substances removed, and the greater the destruction 
rate of the trypsin in the aqueous solutions of the precipitates. What- 
ever these deleterious substances may be (possibly tyrosin and other 
products of digestion), there can be little doubt as to their existence 
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and as to their precipitability by alcohol. Presumably the lesser 
strengths of alcohol would precipitate smaller amounts of them than 
the greater strengths, and if so, one would expect the destruction rate 
of solutions of such precipitates to be likewise less. Now it may be 
remembered that such was actually found to be the case in all the 
series of observations upon alcohol precipitation of extracts, and was 
indeed considered a somewhat serious difficulty to the hypothesis then 
advanced that the ferment precipitated was of the same degree of 
stability whatever the strength of alcohol used. The present evidence 


‘may therefore be held to strengthen this hypothesis, 


In the last column of the above table are given the percentage 


amounts of trypsin recovered in the aqueous solutions of the precipitates. — 


Apparently these bear no relation to the duration of contact of glycerin 
and gland substance, but the number of observations is too small to 
enable one to judge definitely. : ars 


It might be thought a comparatively simple matter to test the 
relative precipitability of the tryptic enzyme and of its zymogen by 
alcohol, but the few preliminary experiments I made upon the subject 
brought to light an unexpected difficulty. Thus to estimate the 
zymogen precipitated by alcohol it is necessary to dissolve it in water 
or some other medium, and then convert it into enzyme. Such con- 
version did not, in my experience, take place at all readily, and the 
addition of 1°/, of an active tryptic extract, or of 5°/, of an extract 
of intestinal extract containing enterokinase, liberated only a com- 
paratively small proportion of the enzyme within the next few days. 


_ The difficulty was practically overcome, however, by working with an 


extract which contained about a fifth of its zymogen already converted 
into free enzyme. The aqueous solutions of the alcohol precipitates thus 
contained a considerable amount of enzyme, and this was sufficient 
to convert nearly all of the precipitated and re-dissolved zymogen into 
enzyme within 24 hours. That this was the case was proved by 
means of a series of control observations. A concentrated glycerin 
extract of pig’s pancreas containing, as already mentioned, about 
four parts of zymogen and one part of enzyme, was diluted with 
rather more than half its volume of water, so as to bring the con- 
centration of the glycerin (having reference to the amount of water 
already present, extracted from the gland substance) to about 55°), 
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or the same concentration as that of the extracts used in the other 
alcohol precipitations. Both the tryptic and rennetic zymogens in this 
slightly diluted extract immediately began to undergo conversion into 
their respective enzymes, and, as can be seen from the figures given 
in the accompanying table, this conversion was almost complete in 
5 days. During this period of gradual conversion of zymogen, portions 


Diluted extract Solutions of precipitate 

destruc- Rennetic second 

SS value Ret tion rate value R-=+T day 

Extract diluted 0 day ug 72°8 
1, ° 190 494 26 813 784 41 28 269 
2 days 26 70 380 3888 695 762 28 886 
” 8 ” 34°5 96°8 2°8 
465 1064 23 855 733 872 25 806 
Sor6days 59°4 1220 21 361 734 841 28 860 
8 days 5038 14888 24 — 


of the extract. were withdrawn and mixed with 3 volumes of alcohol. 
The precipitates were collected the next day, dissolved in water, and 
these aqueous extracts tested the day after that in the usual manner. 
The values so obtained are given in the right half of the table. Here 
it will be seen that the tryptic and. rennetic values of the aqueous 
solutions of these precipitates were not quite constant, but that they 
increased slightly as more and more of the zymogen in the extract 
was converted into enzyme, and reached their maximum when this 
conversion was complete (1.e. in the sample mixed with alcohol after 
6 days). The trypsin recovered from the extract containing the 
maximum amount of zymogen was 19°1°/, less in value than that 
recovered from extract containing no zymogen at all, whilst in the 
case of the rennetic ferment, the amount recovered was 15°5 °/, less, on 
an average. It might be thought that this diminished recovery of — 
ferment was simply due to the zymogen in the aqueous solutions of 
the precipitate thrown down by the alcohol not being allowed sufficient 
time to undergo its full conversion into enzyme. This objection does 
not seem to hold except for the two observations made with extract 
containing the maximum amount of zymogen. Thus from the figures 
given in the last column of the table, we see that apart from these 
observations the tryptic values of the aqueous solutions of the pre- 
cipitates always diminished within the next 24 hours, in two cases 
somewhat considerably. | 
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The destruction rate of the enzyme in the aqueous solutions of the 
precipitates was determined, and the values obtained are given in the 
table. As was to be expected, these are practically constant throughout. 

The fractional alcohol precipitation experiments were begun upon 
some of the glycerin extract after it had been diluted for 5 days, At 
the same time corresponding experiments were made upon some of the 
concentrated glycerin extract, immediately after it had been diluted to 
a similar degree. It should be mentioned that this extract contained 
practically as much zymogen as it had done five days before, as in 
concentrated glycerin extracts the rate of spontaneous conversion into 
enzyme is extraordinarily slow. In four months the tryptic value of 
this extract had increased only from 5:3 to 11°7. To continue, the 
precipitates of enzyme, or zymogen and enzyme, were collected on filter 
papers next day, dissolved in water, and the aqueous solutions tested 
the day following in the usual manner. The values obtained are given 
in the table. Here it will be seen that the precipitability of the 
zymogen by various strengths of alcohol was in every case 
almost the same as that of the enzyme. Apparently in no case 
was quite so much of the zymogen precipitated, but the values given 
in the previous table showed that even when the precipitation—both 
of zymogen and of enzyme—was complete, the total amount of enzyme 
recovered in the aqueous solutions was slightly less than when enzyme 
alone was precipitated. In the last column of the table are given the 
percentage diminutions of the zymogen values on the enzyme values, 


Solutions of Solutions of enzyme 
Glycerin ext. pig’s pancreas value R+T 
75 32°7 8°5 30°7 10°3 or 
Ppd by 1 volume of alcohol 14} 29-0} 4°1 31-1} 3°7 5-9 


value on enzyme 


81 
» volumes 48 1706 28 64 28 64 

29°4) 760 95%) 872) 94 19Lor 


and we see that as regards the precipitates thrown down by 1, 1°5 and 
2 volumes of alcohol, the diminution was only 10°/, or less. As regards 
that thrown down by 3 volumes of alcohol the difference was greater, 
but we have seen that in this case the whole of the precipitated 
zymogen had not undergone its conversion into enzyme in 24 hours. 
If we compare the tryptic values attained by the zymogen solutions a 
day later with the tryptic values attained by the enzyme solutions a 
day later, then the diminution falls to 3°6°/,, or even less than that. 
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observed in the other cases. It should be mentioned that in these 
other cases the tryptic values of the aqueous solutions of the zymogen 
precipitates did not increase on keeping another day, except to a very 
slight degree in one of the solutions of precipitate thrown down by 
1 volume of alcohol. If this value be taken as correct instead of the 
one given in the table, then the amount of diminution becomes 5'9°/,, 
instead of 10°3°/,. | 

_ The rennetic values of the solutions of the precipitates were deter- 
mined in each case, and we see from the table that they correspond 
even more closely than the tryptic values. That is to say, the rennetic 
zymogen and enzyme are likewise of the same degree of precipitability 
by alcohol. The ratios of R to T in each case .show a gradual but 
distinct increase as the strength of the alcohol used for precipitation 
diminishes. In fact they bear a very close resemblance to the ratios 
obtained in the series of precipitations made with the very active 
glycerin extract of pig’s pancreas. This was to be expected, as some of 
the same mixed pig’s pancreases were used to prepare both extracts, 
only in the one case diluted glycerin was used, and in the other case 
concentrated glycerin. 

Though these observations seem to offer a sufficient proof that the 
precipitability of tryptic and rennetic zymogen by alcohol is practically 
the same as that of tryptic and rennetic enzyme, it should be pointed 
out that it is almost an impossibility to perform the precipitations 
under exactly the same conditions. Glycerin extracts of gland tissues 
contain a considerable amount of proteids dissolved out of the cell 
substance, and these proteids must immediately begin to undergo 
digestion, once the zymogen of the extract has become converted into 
enzyme. It follows, therefore, that the extract of enzyme used in 
the above experiments must have contained distinctly more partially 
digested proteid than the extract of zymogen. That this was the case 
became evident in the alcohol precipitations, for the mixtures of 
zymogen and alcohol were much more milky than the mixtures of 
enzyme and alcohol, and the precipitates, after collection on the filter, 
were several times more bulky. In other words, the less digested 
proteid was more precipitable by alcohol than the more digested. The 
bulkiness of the precipitate probably had very little direct influence 
upon the amounts of trypsin precipitated, however, for it certainly had 
no obvious influence upon the amounts of diastase. The two extracts 
contained, of course, exactly the same quantities of diastase to begin 
with, and the alcoholic filtrates were likewise found to contain almost 


4 
a 
Ly 
iz 
> 
¥ 
> 


322 M. VERNON. 


the same quantities. Thus the diastatic values of the filtrates con- 
taining 1, 1-5, 2 and 3 volumes of alcohol were (after 2 days) respectively 
157, 144, 133 and 62 in the case of the enzyme extract, and respectively 
148, 144, 136 and 47 in the case of the zymogen extract. 


The Destructive Action of Alcohol on the Diastatic Ferment. 


We have seen that increasing strengths of alcohol precipitate more 
and more of the diastatic ferment from pancreatic extracts, but, that 
very little—sometimes only 6°/,—of this ferment is recoverable from 
_ the precipitate, instead of about 60°/, as in the case of the tryptic 
ferment. Strong alcohol evidently destroys most of the ferment, and 
this destructive action is well shown by mixing a glycerin extract with 
3 volumes of absolute alcohol, and testing the diastatic activity of the 
mixed liquid from time to time. It is then found that this activity 
regularly and rapidly diminishes, at a rate dependent chiefly on the 
concentration of the glycerin used for making the extract. The accom- 
panying figure shows diagrammatically some of the results obtained 
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with extracts of pig’s pancreas. Taking the original diastatic value in 
each case as 100, a concentrated glycerin extract was found to have 
its activity reduced to 79 within 50 seconds of mixing with the 
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3 volumes of alcohol, to 37 within 5 minutes, 23°9 within 11 minutes, 
58 within 60 minutes, and -71 within 24 hours. In the case of a 
75°/, glycerin extract, the diastatic value after 1 hour was still 26°/, of 
its original amount, and after 24 hours, 1:9°/,. Hence a comparatively 
small addition of water greatly diminished the rate of destruction of 


the ferment. As the concentrated glycerin extract must have contained 


about 15°/, of water, derived from the gland tissue it extracted, we may 
conclude that if alcohol were added to a pure glycerin solution of the 
ferment, this ferment would undergo almost instantaneous destruction. 
The precipitability of pancreatic diastase is, however, considerably 
influenced by other factors than the relative proportion of water present, 
for the remaining two curves in the figure deal with extracts made with 
approximately the same strength of glycerin (55 °/,), and yet the rate of 
precipitation of their_ferment by 3 volumes of alcohol was very different. 
The uppermost curve was obtained with the extract, already mentioned, 
which had been in contact with the gland substance for 12 days before 
filtration, and had then been kept several months, whilst the second 


(dotted) curve was obtained with the very active extract which had | 


been in contact with the gland substance only 4 days before filtration. 
This second curve indicates the diastatic values of the extract in from 
1 to 7 days after the addition of the alcohol, whilst the first, like the 
other two, indicates the values in from 1 to 24 hours. Thus the rate 
of destruction of ferment in the one extract was more than ten times as 
rapid as of that in the other, presumably owing to its containing more 
proteids and other substances which it had extracted from the gland 
substance, and had since digested. 

It might be thought that the proportion of glycerin present is 


immaterial, and that the ratio of water to alcohol is alone of import. 


Such is very far from being the case, as the curves given in the 
accompanying figure indicate. The uppermost curve shows the per- 
centage diastatic value of mixtures made up in the proportion of 
1 volume of a glycerin extract of pig’s pancreas (which contained 


approximately 50°/, glycerin and 50°/, water), 3 volumes of alcohol, and 


0 to 1 volume of pure glycerin. Though the ratio of alcohol to water 
(contained in extract) was in every case constant at 6 to 1, we see that 
after standing for 3 hours the mixture corftaining 1 volume of extra 
glycerin had a diastatic value only 1°0°/, on that of the original extract, 
whilst mixtures containing smaller and smaller amounts of glycerin had 
correspondingly larger diastatic values. The same mixtures were tested 
again after 1, 2 and 4 days, and from the curves given it will be seen 
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that the diastatic values regularly diminished, the mixtures deteriorat- 
ing more and more rapidly according to the proportion of extra glycerin 
they contained. The glycerin, in virtue of its affinity for water, may be 
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Fig. 4. 


considered to diminish the amount of water available for solution of the 
ferment. It would thereby, in a sense, raise the concentration of the 
alcohol: but it seems to have some special influence beyond this, Thus 
some of the concentrated glycerin extract mentioned above, when mixed 
with 9 volumes of alcohol, deteriorated hardly at all more rapidly than 
when mixed with 3 volumes of alcohol. When, however, 2 volumes of 
pure glycerin were added in addition, the destruction of the ferment 
was so rapid that only 16°/, of it was left 14 minutes after mixing, and 
11°/, 3 minutes after. When 4 volumes of glycerin were added instead 
of 2, only 9°/, was left after 1} minutes, and 4°2°/, after 3 minutes. __ 
In the observations thus far described, the djastatic values of the 
mixed alcohol and extract, 1.e. of mixed precipitate and solvent, have 
been referred to. But what proportions of the ferment remain in 
solution, and what proportions are precipitated, under the various 
conditions? The results obtained in this connection were curious and 
unexpected. Some of them are reproduced in the dotted line curves - 
given in the above figure. These curves indicate the amounts of 
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ferment still remaining in solution in the various mixtures after from 
3 hours to 4 days from the time of mixing. The amounts were 
determined by filtering off small quantities of clear liquid from each 
mixture, and immediately determining the diastatic value. The 
3 hours’ curve is the most striking, and from it we may gather that 
whilst almost the whole (7.¢. all but about °8°/,) of the ferment in the 
mixture of 1 part of extract with 3 of alcohol was precipitated, on the 
addition of extra glycerin more and more ferment remained in solution, 
till in the presence of ‘5 part of glycerin only 23:4°/, of the total 
quantity of ferment present was precipitated, and in the presence of 
1 part, only 5°9°/, of the total. These extraordinary variations in the 
relative proportion of ferment precipitated have no effect on the 
diastatic value of the mixtures of extract, alcohol, and glycerin taken as 
a whole. With them, as has been already pointed out, the diastatic 
value steadily falls with gradual increase in the glycerin present. The 
precipitation or otherwise of the ferment, on the other hand, seems to 
be largely dependent on physical factors, such as the specific gravity or 
viscosity of the medium in which it finds itself. Thus pure glycerin 


has a sp. g. of 1'263, and hence its addition to the mixture of alcohol 


and extract, of which the sp. g. was probably about ‘88, would be of 
great effect. It should be stated that the addition of glycerin did not 
merely prevent the ferment from being thrown down as a white 
precipitate, but it prevented even an appearance of milkiness in the 
filtrates. Hence the ferment, if physically altered at all, must have been 
in a readily filterable colloidal condition. 

To return to the other curves in the above figure, we see that after 
24 hours the mixture containing ‘375 part of glycerin now retained the 
largest amount of diastase in solution, instead of that containing 
‘5 part, as in the 3 hours’ observations. After 4 days, the mixture 
containing "125 part showed the maximum in this respect. As is 
obvious, these changes depend merely on the fact, already noted, that 
the mixtures containing the larger proportions of glycerin deteriorate 
much more rapidly than those containing the smaller proportions. 

It might be thought that the above results are a curiosity, depen- 
dent on some chance properties of a particular glycerin extract. This 
does not seem to be the case, as another entirely different glycerin 
_ extract of pig’s pancreas showed very similar relationships. _The data 
obtained are given in the accompanying table. The glycerin extract 
used had been left in contact with the gland substance only for an hour, 
and had then been separated off by centrifugalisation and filtration, so 


it could have contained comparatively little proteids and other sub- 
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stances derived from the gland tissue. The extract, originally made 
with 75°/, glycerin, was diluted with water so as to make it of 
approximately the same dilution as in the previous extract (7.¢. 50°/, 
glycerin and 50°/, water), but presumably the proportions of proteids 
and other substances present in the extract have a considerable in- 


Shrs after mixing 24hrs after mixing 


volumes of alcohol mixed with Mixed Clear Mixed Clear 
solution filtrate solution filtrate 


1 vol. ext. (5 glycerin and ‘5 water) + 0 vol. glycerin 71°2 23°8 657 198 


1 ” ” ” 64°7 62°1 35°0 29°1 
1 ” » 52°0 49°5 179 14°7 
1 9 ” +1°0 ” 41°5 8°5 8°0 
1 ” ” 9 ” +1°6 ” 58 60 *62 56 
‘75 vol. ext. (°375 glycerin & °375 water) + "125 vol. water 74°2 155 650 9°6 
195 ,, ) +375 ,, 


fluence on the precipitability of the ferment, as the values obtained in — 
the present series do not correspond in absolute measure with those of 
the former series. Thus we see that the mixture of extract with 
3 volumes of alcohol and no extra glycerin retained 33°4°/, of its 
ferment still in solution after 3 hours, instead of only ‘8°/, as before. 
However, it was easily possible to obtain a much more complete 
precipitation of ferment by diminishing the amount of glycerin present. 
Assuming that the extract used contained exactly ‘5 volume of glycerin 
and ‘5 volume of water, then 3 volumes of alcohol were mixed with, 
for instance, ‘5 volume of extract (=‘25 volume of glycerin and 
‘25 volume of water), together with ‘25 volume of extra water, so as 
finally to get a mixture containing the constant relative amounts of 
alcohol and water (8 to ‘5), but only half as much glycerin as usual. 
Such a mixture was found to have only 9°5°/, of its total ferment still 
in solution after 3 hours, and only 1°6°/, after 24 hours. A still further 
diminution of the glycerin present led to a slight increase in the 
amount of ferment remaining in solution, as the figures given in the 
bottom line of the above table indicate. ae 
On addition of extra glycerin to the mixture, we see that more and 
more of the ferment remained in solution, as before, till in the presence 
of ‘5 part or more of glycerin only 4°8 °/, or less of the total amount of 
ferment still present had undergone precipitation in 3 hours. The 
effect of glycerin on precipitability was thus even more striking than 
before. This result was probably dependent upon the smaller quantity — 
of proteids and other substances present in the extract, for in conse- 
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quence a smaller precipitate would be thrown down by the alcohol, 
and so less of the ferment mechanically removed with it. The relative 
amounts of ferment remaining in solution after 24 hours were not 
quite so great, just as in the previous series, but they were still con- 
siderable, As before, also, the maximum amount of dissolved ferment 
was present in a mixture containing less additional glycerin (t.e. 
‘25 volume) than was the case in the 3 hours’ determinations (‘5 
volume). 


The Instability of Precipitated Diastatic Ferment. 

The addition of alcohol to glycerin extracts of pancreas has another 
effect upon the diastatic ferment. It renders a portion of it so exceed- 
ingly unstable, that, as in the case of the tryptic ferment, subsequent 
dilution with water leads to destruction of this portion within the space 
of a few minutes or hours, For instance, the data given in the accom- 
panying table indicate the effects of diluting with water a mixture of a 
55°/, glycerin extract of pig’s pancreas with 3 volumes of alcohol. 


Measured quantities of this mixture were run into dry test tubes, and 


1 or 9 volumes of (tap) water added. After from 1 to 2 minutes 


p.c. ferment destroyed on dilution with 
i volume of 9 volumes of water Als i 
a lday 2days 4 days directly 2hrs 2days 4days 
4 hour 97°0 41 44 14 


44 45 22 
«48 19 
52 62 22 
17 


42 47 19 


0 1 1 2 8 0 2 4 14 21 
adding alcohol to 


shaking, samples of the diluted mixture were run into previously 
prepared test tubes containing standard starch solution at 38°, so that 
their diastatic values might be estimated without delay. These 
determinations were repeated after 2 hours, and again after 24 hours. 
The diastatic values found were in all cases smaller than those obtained 
when the mixture of extract and alcohol was run directly into the 
starch, without previous dilution. We see from the table that on an 
average 11 or 12°/, of the ferment was destroyed almost immediately 
by diluting extract and alcohol with water, whilst 18 °/, was destroyed 
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in 24 hours by the addition of 1 volume of water, and 34°/, by the 
addition of 9 volumes of water. 

It might be thought that this lana of ferment was nothing 
special, but only what might naturally be expected to occur on mixing 
extract, alcohol and water. This is not the case, however, as an 
entirely different result is obtained if the extract be first diluted 
with the appropriate amounts of water, and the 3 volumes of alcohol 
be then added. Such mixtures undergo practically no deterioration 
within 24 hours, as can be seen from the values given in the bottom 
line of the table, which represent the means of three different sets 
of observations on various glycerin extracts. After the first few 
hours of dilution, mixed extract and alcohol likewise ceases to deter- 
iorate any more rapidly than diluted extract and alcohol, as can be 
seen by comparing the mean values given in the two bottom lines of — 
the table. 

Attempts were made to determine the conditions which control the 
proportion’ of diastatic ferment entering into this unstable condition, 
but not with much success. From the values given in the last 
vertical column but one of the above table (which represent the mean 
percentages of ferment destroyed during the first day of dilution), 
it appears that the instability of the ferment was greater after the 
extract and alcohol had been mixed for 1 or more days, than it was 
4 hour after mixing. In the last vertical column of this table are 
given the means of similar series of observations made on another 
and more concentrated glycerin extract. In its case the rate of 
destruction of diastatic power was about three times as rapid, but 
the effects of dilution were determined at times when the extract 
had undergone about the same relative degrees of deterioration as those 
given in the second vertical column of the table. However, the amount 
of ferment destroyed on dilution was fairly constant from the first, and 
only when the diastatic power of the mixture had dwindled down to 
15°/, of its original value did the ferment become appreciably more 
stable on dilution. In two other series of observations, upon glycerin 
extracts of sheep’s and of pig’s pancreas respectively, the proportion 
of ferment destroyed on dilution was only half to two-thirds as great 
in the later stages of deterioration of the alcohol mixtures as in the 
earlier stages, so there can be no doubt that the ferment becomes more 
stable. 

It was thought that the ‘effects produced on the precipitability of 
the ferment by the addition of glycerin might have corresponding 
effects on its stability, but such was not the case. After standing 
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24 hours, portions of the mixtures of extract, alcohol and glycerin (of 
which the diastatic values are recorded in Fig. 4) were diluted with 
1 and with 9 volumes of water. Their diastatic values were tested 
immediately, and again after 2 and 24 hours, as in the other observa- 
tions. The mean percentages of ferment destroyed, in the case of 
extract containing 0, °125, ‘25, ‘375, ‘5 and °75 part of extra glycerin, 
were respectively 18, 13, 17, 16, 18, and 18 °/,. That is to say, the 
addition of glycerin was without any appreciable influence. 

Though the proportion of diastatic ferment rendered unstable by 
alcohol seems fairly constant in the case of glycerin extracts of pig’s 
pancreas, it is probably very different in the case of extracts of the 
pancreas of other animals. Thus the means of all the observations 
made are collected in the accompanying table, and here we see that all 
the four series of observations on pig’s pancreas extracts gave fairly 
similar mean results, though in one case extra glycerin was added to 
the extract, and in another the extraction of the gland tissue had 
continued 18 months instead of 4 or 12 days. The few observations 
made on glycerin extracts of sheep’s and of man’s pancreas show that in 
their case, however, very little of the ferment is thrown into an unstable 


Mean p.c. of ferment destroyed on dilution with 


1 volume of water 9 volumes of water of sets 
8 volumes of alcohol added to Directly 2hours iday Directly 2hours lday vations 


4days’ ext. of pig’s pancreas 11 16 12 2 84 5 

18 months’ ext. of pig’s pancreas a: RS ll 18 86 2 
7 months’ ext. of sheep’s pancreas 4 & 
18 Ae man’s pancreas 4 _ 9 3 2 12 3 


condition by the addition of 3 volumes of alcohol. Indeed, the apparent 
destruction noticed in the extract of human pancreas is almost within 
the limits of experimental error. It has been shown elsewhere’ that 
the diastatic ferments present in sheep's, pig’s, and man’s pancteas 
induce distinctly different courses of action in the hydrolysis of starch, 
and so must be regarded as different chemical entities. Hence there is — 
no reason why they should not be differently affected by contact with 
alcohol. 


The Chemical Constitution of Enzymes. 
The observations upon pancreatic ferments described in this and in 
several previous papers have been made largely with the object of 


1 This Journal, xxvu1. p. 156. 1902, 
21—3 
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extending our knowledge as to the chemical nature of ferments and 
their precursors. Though any deductions must be more or less pro- 
visional, and liable to revision in the light of further observations, yet 
I may perhaps be permitted to advance, as a working hypothesis, what — 
my experimental results seem to me to indicate as to the chemical 
constitution of the tryptic and rennetic ferments of the pancreas. The 
_ observations recorded in the present paper show that the bond between 
them is a close one, for the precipitability of the two ferments and their 
zymogens by various strengths of alcohol was in all cases the same, 
within the limits of experimental error. Also the results described in a 
previous paper’ show that when pancreatic gland tissue is fractionally 
extracted, the insoluble pro-zymogen present in the tissue only very ; 
gradually yields up its soluble tryptic and rennetic zymogens, and that 
the amounts of these zymogens split off at any given period always 
bear a constant ratio to one another for pancreatic tissue of the same 
animal. 

It has already been suggested by Nencki and Sieber? that, 
inasmuch as the pepsin they obtained by dialysing gastric juice had — 
a milk-coagulating function as well as a peptic one, it is possible that — 
one and the same molecule may have different enzyme actions. They 
admit that their preparation may have been merely a mixture of 
enzymes—for they made no attempts at separation—but they consider 
it more probable that this was not the case. Just as Ehrlich in his 
side-chain theory considers that these chains have different configura- 
tions and functions, so they suggest that the pepsin molecule may exert 
a hydrolysing action by one of its side-chains, and a milk-coagulating 
action by another. Similarly also as regards the pancreatic ferments, 
_ I imagine that we have to deal with a single highly complex molecular 
group, of which various subsidiary groupings or side-chains possess 
various powers, as of digesting proteids or of coagulating milk, which 
can be independently exerted. Moreover these side-chains possess 
various degrees of stability, and it is possible for them to be destroyed 
separately, one at a time, without the activity of the remaining side- 
chains being in any way affected. I have found, for instance, that if 
minced pancreatic tissue be kept for 25 to 63 hours before extraction, it 
suffers great destruction in its tryptic ferment, but little or none in its 
rennetic’, Also extracts, on keeping, as a rule deteriorate more rapidly 
in tryptic power than in rennetic power. We may therefore assume 

1 This Journal, xxvim. p. 448. 1902,. 
2 Zeit. f. physiol. Chem. xxxu. p. 291. 
3. This Journal, xxvu, p. 308, 
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that in these cases only a few of the more stable tryptic side-chains still 
retain their tryptic function, whilst many or most of the rennetic side- 
chains, unstable as well as stable’, retain their rennetic function. 

In the light of the researches of Loew? on trypsin, and those of 
Schoumow-Simanowski’, Nencki and Sieber‘, Pekelharing® and 
others on pepsin, we-seem warranted in concluding that proteolytic 
ferments are bodies allied to proteids. Let us suppose that a proteid 
molecule consists. of a central nucleus, containing tyrosin, tryptophan, 
carbohydrate, cystein, and other groups, together with numbers of side- 
chains consisting of mono-. and di-amido acids with from two to six 
carbon atoms*. Let us also provisionally accept Loew’s hypothesis 
that ferments differ from inactive proteids in virtue of their containing 
aldehyde groups, Then we may assume that the formation of ferments 
in the cells of digestive glands consists in the activation of ordinary 
proteid molecules by the reduction of some or all of theiQOOH or 
acid groupings into CHO or aldehyde groupings. Aldehyde groupings 
attached to the central nucleus by one carbon atom may be less stable 
than those attached by two carbon atoms, and these again less stable 
than those attached by four or five carbon atoms. Also mono-amido 
aldehyde groups may have a different function from di-amido aldehyde 
_ groups, and may, for instance, by alternate hydration into CH(OH), 
groups and subsequent dehydration be able to effect the hydrolysis of 
proteids, whilst di-amido or other aldehyde groups by the reverse 
_ process may be able to effect the dehydration of caseinogen into casein. 

It is well known that the rennet ferment is frequently found where, 
as far as we can judge, there can be no possible use for it. It is present 
in the stomach of certain fishes, and the pancreas of many animals; in 
the fruit, seeds and leaves of many plants, and in many micro-organisms. 
In fact, it seems probable that wherever a proteolytic ferment is present, 
a rennet ferment will be found to accompany it’. If this prove to be 
the case, then the question naturally arises, Is the rennetic ferment a 
genuine ferment of functional significance, or is it merely a by-product 
in the formation of the proteolytic ferment, which chances to possess 
the property of coagulating milk? Without going so far as to assume 
this hypothesis even as probable, I may point out that on the views 
here brought forward as to the chemical nature of the tryptic-rennetic 

1 See this Journal, xxvm. p. 195. | 

9 Pfliiger’s Archiv, p. 203. 1882. 

5 Arch. d, Sciences diol. u. p, 463. * loc. cit. 
5 Zeit. f. physiol. Chem. xxxv. p. 8. 1902. 


* See Hofmeister. Ergebnisse der Physiologie, 1. p. 759. 1902. 
This Journal, p. 470. 
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enzyme, such a chance formation of rennet ferment can ‘readily be 
accounted for. Thus it may happen that in the activation of proteid 


molecules into enzyme molecules by the reduction of acid groupings 


into aldehyde groupings, all the acid groupings, whatever the nature of 
the side-chains to which they are attached, may become reduced, 
whilst only certain of them, as eg., the mono-amido side-chains, may 
have a proteid hydrolysing function. The di-amido or other side-chains 
may, however, purely by chance, possess a dehydrolysing or milk- — 
coagulating function. 

- The conversion of tryptic-rennetic zymogen into tryptic-rennetic 
enzyme must be a molecular transformation, and not a hydration or 
de-polymerisation, judging by the fact that the fractional precipitability 
of zymogen and of enzyme by alcohol is the same. The conversion of 
insoluble pro-zymogen into soluble zymogen is probably, however, 
‘a hydration. We have seen that the conversion of zymogen into 
enzyme is a gradual process in the case of the tryptic-rennetic ferment, 
and so we may assume that the molecular transformation proceeds in 
the various side-chains more or less independently. But once such 
transformation has begun, it tends to spread throughout all the side- 
chains of the complex molecule. It has been shown in previous papers 
that the addition of a small quantity, as 1°/,, of an active tryptic 
extract to an inactive zymogen extract induces a moderately rapid 
conversion of this tryptic zymogen into enzyme. Also it was found'— 


most unexpectedly—that the rennet enzyme was likewise liberated from 


its zymogen by the addition of small quantities of active tryptic 
extract, whilst extracts containing large quantities of rennet enzyme, 
but only small quantities of tryptic enzyme, had comparatively little 
action on either rennetic or tryptic zymogen. The side-chains of 
active tryptic enzyme thus induce a molecular transformation both in 
the zymogen side-chains with a tryptic function, and in those with a 
rennetic function. 

The hypothesis here adduced as to the chemical constitution of the 
tryptic-rennetic ferment molecule may very likely hold also for a 
peptic-rennetic ferment molecule, as indeed Nencki and Sieber have 
already to some extent suggested. In favour of this some definite 


evidence already exists. Thus Griitzner* and subsequently Wino- 


gradow? have found that the quantities of peptic and rennetic ferments 
in the gastric mucous membrane at various times after a meal run 
completely parallel. Arguing from the frequent accompaniment of 


1 This Journal, xxvu. p. 296. 
2 Pfliiger’s Archiv, xvi. p. 119. 1878. Ibid. uxxxvm. p. 170, 1901. 
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proteolytic ferments by rennetic, it seems not improbable that such 
double functioning enzymes may be of universal occurrence, though 
extended research alone can substantiate the deduction. In any case, 
the diastatic enzyme would seem to be a body of very different chemical 
constitution from such proteolytic-rennetic enzymes. Thus pancreatic 
diastase is formed directly from an insoluble pro-zymogen’, without — 
passing through a soluble zymogen stage, and its side-chains, supposing 
such be present, are all of the same degree of stability*, However, it is 
possible that the ferment molecule possesses duality of function. The 
feeble hydrolysing action which the pancreas exerts on maltose may be 
effected by the same diastatic ferment that converts starch into maltose, 
but by different side-chains. 


SUMMARY. 


The method of experiment consisted in mixing glycerin extracts 
of pig’s and of sheep’s pancreas with from ‘8 to 4 volumes of absolute 
alcohol, filtering after one or two days, and dissolving the precipitates 
in water. The amounts of ferment present both in the filtrates and 
in the solutions of the precipitates were then estimated. It was found 
that the proportions of ferment thrown down increased regularly with 
the proportion of alcohol added, but the precipitability of the diastatic 
ferment was considerably less than that of the tryptic ferment. Thus 
extract mixed with from 2°3 to 3 volumes of alcohol retained in solution 
about four times more diastase, relative to trypsin, than did the original 

extract. The precipitability of the rennetic ferment, however, was 
almost exactly the same as that of the tryptic, for whatever the strength 
of the alcohol used the ratio between the amounts of these ferments 
still remaining unprecipitated was constant, whilst in the aqueous 
solutions of the precipitates it was likewise nearly constant. Only 
about 55°/, of the trypsin and rennin precipitated was recovered in 
the aqueous solutions, the rest being destroyed by the processes of 
precipitation and re-solution, more especially the latter. Of the dia- 
static ferment, not more than 4th to th was recovered in some cases. 

It has been shown in previous papers that the trypsin of extracts 

is not always of the same stability. In fresh and active extracts the 
ferment is exceedingly unstable, but as these extracts deteriorate in 
power, the unstable portions of the ferment are first destroyed, whilst 
the more and more stable portions remain. However, the trypsin in 


1 This Journal, xxvim. p. 137. 2 This Journal, xxvm. p. 197. 
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the solutions of the precipitates was of nearly the same degree of 
instability, whatever the strength of alcohol used to throw it down. 
Hence it follows that by fractional alcohol precipitation it is not possible 
either to separate trypsin and rennin, or to separate stable and unstable 


trypsin fractions. 


A glycerin extract containing 4 parts of zymogen to 1 part of 


enzyme was precipitated with from 1 to 8 volumes of alcohol, the ~ 


precipitates dissolved in water, and after the zymogen had undergone 
its conversion into enzyme, the amounts of enzyme were determined. 
Five days later, when all of the zymogen in the extract had undergone 
its conversion into enzyme, similar alcohol precipitations and estimations 
were carried out. It was then found that for corresponding strengths 
of alcohol, the amounts of tryptic and rennetic enzymes precipitated 
were the same (within about 6 °/,) as the amounts of tryptic and rennetic 
zymogens precipitated. The conversion of zymogen into enzyme is 
not a hydration or de-polymerisation, therefore, but a molecular trans- 
formation. 

If glycerin extracts of pancreas be mixed with 3 volumes of alcohol, 
the diastatic ferment is rapidly destroyed. In the case of a concentrated 
glycerin extract, 63°/, of the ferment was destroyed in 5 minutes, and 
94'2°/,in an hour, The glycerin directly aids the destructive action, 
for if extra glycerin be added to an extract the rate of destruction of 


the ferment by the alcohol is greatly increased (eg. the addition of 


1 volume of glycerin to an extract mixed with 3 volumes of alcohol 
effected the destruction of 99°/, of the ferment in 3 hours, instead 
of 8°2°/,). The addition of glycerin seems to alter the physical condition 
of the ferment, for whilst as a rule all but 1 to 10°/, of the ferment 
is actually precipitated by the alcohol, when increasing quantities of 
glycerin are added more and more of the ferment still undestroyed 
remains in solution, till Snally 1 in some cases the whole of it may exist 


in this state. 


Arguing from the results obtained in this and previous papers, it 
is concluded that the tryptic and rennetic ferments do not exist as 
independent chemical entities. On the contrary they form a single 
complex molecular group, of which various side-chains possess various 
powers, as of digesting proteids or of coagulating milk, which can be 
independently exerted. Moreover these side-chains possess various 
degrees of stability, and it is possible for them to be destroyed 
separately, one at a time, without the activity of the remaining side- 
chains being in any way affected. — 
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SOME FURTHER OBSERVATIONS ON THE REAC- 
TION OF UROCHROME WITH ACETALDEHYDE. 
By ARCHIBALD E. GARROD. 


In a note which appeared in this Journal in 1897’ it was pointed out 
by the present writer that when acetaldehyde is added to an alcoholic 
solution of urochrome a dark spectroscopic absorption band gradually 
appears, and that a substance is formed which, in its spectroscopic and 
other properties, resembles urobilin as closely as do the products formed 
by the action of reducing agents upon hematin and bilirubin respec- 
tively. Further study of this reaction has brought to light some fresh 
points relating to it which will be discussed in the short paper which 
- follows. 

1. The reaction is not due to aldehyde itself. Further experience 
showed that the reaction under consideration is not obtained with all 
specimens of aldehyde, and fresh samples obtained during the winter 
months were usually found to be quite inert in this respect. However, 
such inert specimens were found to become active after being kept for 
some time, and especially after they had been exposed to bright light 
and summer temperatures. One was therefore led to infer that the 
reaction with urochrome was not due to the aldehyde as such, but to 
some product which is formed in it, by polymerisation or otherwise, 
under the influence of light and warmth. A parallel at once suggests 
itself to the Adamkiewicz reaction of proteids, which has heen shown by 
Hopkins and Cole’ to be due to glyoxylic acid formed in the acetic 
acid employed in the test. 

Further investigation showed.that this supposition was undoubtedly 
correct. A specimen of aldehyde which had become highly active after 
being kept, but which when originally obtained had failed to yield any 
reaction with urochrome, was subjected to fractional distillation. The 
fraction which distilled over at 30° C. proved to be quite inactive, whereas 
the residue was as active as before, and like results were obtained with 

1 This Journal, xx1. p. 190. 1897. 
* Proc. Royal Soc, yxvmt. p. 21. 1901. 
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successive fractions distilled over at 40°, 50°, and so on up to 100°. 
The residue after distillation at 100° retained its activity, whereas none 
of the distillates produced the familiar change when added to an 
alcoholic solution of urochrome. 

When, on the other hand, ‘the active aldehyde was evaporated in an 
open dish at the temperature of the water-bath no active residue 
remained behind. | 

Various substances which might be supposed to have been formed 
in acetaldehyde which had been exposed to light were next experi- 


_ mented with. Paraldehyde was found to produce no change in urochrome — 


solutions, and aldol, crotonaldehyde and crotonic acid, acetal and acetic 
acid were found to be equally inert. Dr F. G. Hopkins, who had also 
observed the uncertain behaviour of different specimens of aldehyde, 
has also satisfied himself that the reaction is not due to glyoxylic acid. 
The addition of hydrogen peroxide to inactive aldehyde did not render 
it active, and up to the present time I have been unable to ascertain 
the nature of the active substance, which is only present in very small 
quantity even in the most potent specimens of aldehyde. 

The fact that whereas the reaction is readily obtained with alcoholic 
solutions of urochrome an aqueous solution of the pigment undergoes 
no such change, suggested the possibility that the solvent alcohol might 
take part in the reaction; but this appears to be excluded by the fact 
that the band appears equally readily when solid urochrome is dissolved 
directly in the active aldehyde. 

2. The stages of the reaction. The formation of a substance which 
closely resembles urobilin is only the first stage of the reaction, 
which calls for a more detailed description than was given in the 
previous note. 

When some active aldehyde is added to a dilute alcoholic solution 
of, urochrome, after an interval which varies in length according to the 
amount of the reagent added and the temperature at which the liquid, 
is kept, a spectroscopic absorption band begins to appear in the position 
of the band of urobilin. The change is much more rapid in warm than 
in cold weather, and if the heat of the water-bath be employed the 


time required is very short indeed. 


This band becomes broader and darker as the reaction proceeds, and 


_ after a time it becomes further widened by a dark shading extending | 


towards the violet, as is the case with the urobilin band with increasing 
concentration. 


At the same time the colour of the liquid changes from pale yellow 
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to a rich orange-yellow tint, indistinguishable from that of a solution 
of urobilin which shows a band of similar intensity. In the following 
respects also the product behaves like urobilin :—On dilution the colour 
a of the solution changes from orange-yellow to a dull pink. Ammonia 
8 changes the colour to a bright pale yellow and the absorption band 
| disappears entirely. On adding a small quantity of a solution of zinc 
chloride to the ammoniacal liquid a brilliant green fluorescence appears, 
and a narrower absorption band shifted towards the red. A similar 
band is seen when sodium of potassium hydroxide is added instead 
of ammonia. 

The following wave-length measurements show how closely the 

product resembles urobilin in its spectroscopic properties :— 


Alcoholic solution Ditto with zine chloride 
neutral and ammonia 
Product from urochrome A5150—4860 45170—4990 
| shading to 4550 shading to 4770 
Urobilin from rine 45110—4810 A5170—4990 
shading to 5590 shading to 4770 


The urochrome product further resembles natural urobilin in being 
_ precipitated from aqueous solutions by saturation with ammonium 
sulphate. 

On the other hand it resembles other artificial urobilin-like products, 
such as may be obtained from hematin and bilirubin, and differs from 
natural urobilin in the respects that the redward border of the band is 
more extended and less clearly defined, and that the E band spectrum’ 
which is so characteristic of natural urobilin, cannot be obtained by 
carefully neutralising an alkaline aqueous solution of the product. 

If, instead of being arrested at the above stage, the reaction be 
allowed to proceed further the colour of the liquid changes to a deep 
red-brown and a second band makes its appearance, nearer to the violet 
end of the spectrum, which comes to equal or even to exceed the 
primary band in intensity. 

The ee she measurements were obtained from a specimen at this 


stage. 


Band A. 2»5130—4910. 


Band B. 24790-4570, %¢ bands are connected by a shading. 


1 This Journal, xx. 125. 1896. 
22—2 
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When zinc chloride and ammonia are added a pronounced green 
fluorescence is observed and both bands are shifted towards the red. 


Band A. 2%5170—5010. 
Band B. 2»4870—4760. 


If now some chloroform be added and be allowed to separate by the 
addition of a little water the chloroform extract will show both bands, 
but if the chloroform be repeatedly washed with water the washings 
will be found to show the band A, and the washed chloroform only the 
band B, nearer to the violet. It is therefore evident that the appear- 
ance of the second band is due to the formation of a second distinct 
product. 

After evaporation of the washed chloroform an alcoholic solution of 
the residue shows the band B with great distinctness. 


4720 —4570. 


This band is sharply defined and shows no shading extending 
towards the violet end of the spectrum. When concentrated, the 
alcoholic solution shows a fainter additional narrow band near the 
D line, 1 5700—5600, and has a brown colour. 

With zinc chloride and ammonia a green fluorescence is still 
obtained and the band is shifted towards the red, reading 14870—4760. 

The appearance of the second band renders the reaction much 
more characteristic, and so adds considerably to its value as a means 
of detecting the presence of urochrome. 

3. The significance of the reaction. The reaction here described 
is of importance from two distinct points of view. First because it 
supplies a connecting link between urochrome and a group of other 
animal pigments, including hematin and bilirubin, from which also 
pigments closely resembling urobilin can be obtained by appropriate 
means ; and secondly as affording a ready means of detecting urochrome 
in body fluids and excreta. 

In my former note the observations of Riva’ and Chiodera? were 
referred to, who obtained a product apparently identical with urochrome 
by the oxidation of urobilin with potassium permanganate, and in this 
connexion the following observations are also of interest. 

F. G. Hopkins and I, when working at the extraction of urobilin 


_ by the ether-chloroform process’, found that when an aqueous solution 


1 Gazzetta Medica di Torino, xuvu. No. 12. 1896. 
2 Archivio Italiano di Clinica Medica, xxxv. p. 505. 1896. 
3 This Journal, xx. p. 120. 1896. 
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of that pigment which still contained a small admixture of ether was 
evaporated on the water-bath the colour of the liquid changed to a pale 
yellow and uo longer showed the urobilin band. No band appeared 
when an acid was added, and no fluorescence with zinc chloride and 
ammonia. The urobilin was obviously destroyed by such treatment. 

A specimen of very pure urobilin was taken, an alcoholic solution of 
which underwent no obvious change with active aldehyde, no second 
band being developed even after prolonged treatment with the aid of 
warmth. The pigment was dissolved in water, some ether was added 
and the solution was evaporated to dryness on the water-bath. The | 
residue dissolved in alcohol yielded a pale yellow solution which showed 
no urobilin band. Some active aldehyde was then added and the 
urochrome reaction was obtained, the two bands appearing in a the 

ordinary way. 

Although the behaviour of the original urobilin solution with 
aldehyde appeared to exclude the presence of urochrome as an im- 
purity, another portion of the specimen of urobilin was dissolved in 
ether, in which urochrome is insoluble, and after the ether had 
evaporated the process was repeated in the residue with the same. 
result. It was also found that the yellow pigment formed was 
precipitated from alcoholic solution by ether, just as urochrome is. 

The conclusion that under such treatment urobilin becomes converted 
into urochrome can only be escaped by assuming that aie above reactions 
are not characteristic of the latter pigment. 

On the other hand such evidence as we possess seems to point to 
an origin of urochrome in the organism which is independent of that 
of urobilin. Thus, when the formation of urobilin is suspended in 
consequence of complete obstruction of the bile-ducts the urine gtill 
contains urochrome, which may readily be detected after removal of the 
bile-pigments by precipitation with baryta mixture: and in cases of 
biliary fistula with obstruction of the ducts, in which the urine has 
ceased to contain any bile-pigment, the urine has not been de- 
colorised. 

4. The reaction as a test for urochrome. The properties of 
urochrome are, for the most part, so little characteristic that the 
reaction described supplies a very useful test for its presence, provided 
that the pigment’ to be tested is in alcoholic solution, and that the 
aldehyde employed has been found to be active. So delicate is the 
test that a solution of 1 part of urochrome in 30,000 yields the reaction 
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quite definitely, although such a solution appears colourless in depths 
of two or three centimetres, 

As I have already pointed out elsewhere’ the presence of urochrome 
in feces may be readily demonstrated by its means. The simplest 
method is to extract the fecal material with water saturated with 
ammonium sulphate, which takes up neither urobilin nor its chromogen. 
From the pale yellow extract the urochrome may be taken up with 
alcohol in the ordinary way’, and to the alcoholic extract so obtained 
the active aldehyde may be directly added. 

Again, when a serous exudate is saturated with ammonium sulphate 
the proteids and serum pigment are precipitated together. The filtrate, 
which is nearly colourless, may be shown to contain traces of urochrome 
by extraction with alcohol and addition of active aldehyde to the 
alcoholic extract. | | 

It should be mentioned that the presence of urochrome in feces and 
in serous fluids was originally observed by Riva and Chiodera, and 


Klemperer® has recently confirmed the observation as regards the 
feeces. 


ConcLustons. 


1. The formation of a urobilin-like substance when acetaldehyde is 
added to an alcoholic solution of urochrome is not due to the aldehyde 
itself, but to some substance formed in it under the influence of light 
and warmth. It is therefore not. observed with all specimens of aldehyde. 

2. In the course of the reaction two distinct products are formed, 
the one much more slowly than the other. These products are both 
characterised by yieldipg absorption bands. | 

3. The reaction points to a relationship of urochrome to hematin 
and to bilirubin. 


4. It supplies an extremely delicate test for the presence of 
-urochrome in alcoholic solutions. | 


1 Bradshaw Lecture, R.C.P., Lancet, mu. p. 1830, 1900. 
2 Proc. Roy. Soc. tv. p. 894. 1894. 
3 Berliner klinische Wochenschr., xu. p. 314. 1903. 
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AN EXPERIMENTAL ENQUIRY INTO THE FORMA- 
TION OF GALL-STONES. By VAUGHAN HARLEY, 
M.D., anD WAKELIN BARRATT, M.D. (Two Figures in 
Text.) 


(From the Department of Pathological Chemistry, 
University College, London.) 


In the present paper an endeavour is made to throw some light on the 
formation of gall-stones by observing the effect of introducing cho- 
lesterin calculi or fragments of calculi into the gall-bladder of dogs, 
both in health and in various morbid states. Within the last decade 
many observers have studied experimentally the factors of cholesterin 
stone formation on the one hand and the conditions of production and 
consequences of cholecystitis on the other. | 

French observers seem to have obtained results more successful 
than those of German observers, for Gilbert?, with Dominici and 
Fournier, succeeded in producing experimentally in dogs, rabbits, and 
guinea-pigs, biliary calculi after the injection of colon bacilli into the 
gall-bladder. 

Mignot?® found that non-virulent organisms introduced into the 
gall-bladder together with a foreign body—especially if porous, like 
cotton-wool—lead with the greatest certainty to the formation of gall- 
stones. The kind of bacteria injected seems to be of quite secondary 
importance. Those used were b, typhosus, b. coli, staphylococci and 
b. subtilis. Mignot found also that foreign bodies introduced into the 
gall-bladder can stay there for an indefinite time, provided they are 
aseptic, without causing inflammation or precipitating solids from the bile. 

More recently, the German observers Ehret and Stolz* have called 
attention to the difficulty of producing cholecystitis by artificial injec- 
tion ; these observers state that no result can be obtained by introducing 


1 Arch. gén. de méd. 1898, 1. 2, 257-268. Also Gilbert et Fournier, Bull. de la Soc. 
de Biologie, 30 Oct. 1897. 

2 Arch. gén. de méd. 1898, 1. 2, 263-282. 

3 Berl. klin, Wochenschr. 1902, 39 Jahrg. 13, 15. 
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b. coli into the gall-bladder so long as the stream of bile is undisturbed. 
This is due to the movements of the gall-bladder and the action of 
normal bile. Injury to the motility of the gall-bladder, as by the 
presence of a foreign body, will alone lead to the appearance of 
organisms in the gall-bladder. Ehret and Stolz, and also Riedel’ 


believe that gall-stones when present in a gall-bladder affected with 


cholecystitis are usually not the product of the inflammatory process. 
They further find that when aseptic glass balls or cotton-wool are intro- 


duced into the gall-bladder no immediate effect is produced, but after 


many weeks a suppurative cholangitis with numerous organisms in the 
bile is produced. The most common organisms are the b. coli group, 
but streptococci and staphylococci, b. mesentericus and sarcinae are 
also met with. Gilbert? also found that in seventy cases of chole- 
lithiasis the colon bacillus was present in the bile in about one-third. 

Naunyn also thinks that the presence of a foreign body in the gall- 
bladder is not essential to the formation of a gall-stone. He arrives 
at this latter conclusion partly from the results of some observations 
of Labes, who introduced various bodies, eg. decomposing animal 
matter, acid and alkaline substances and gall-stones, into the gall- 
bladders of dogs without finding that any deposit of biliary matter 
formed on them. The gall-stones .even disappeared after a time. 
Marcantonio found however that pieces of amber introduced into 
the gall-bladder of a dog became incrusted with a deposit of biliary 
matter’. | 

This brief résumé of the literature of the subject illustrates how 
diverse have been the results obtained by various observers ; it there- 
fore seemed that the question of gall-stone formation and cholecyntitis 
left ample field for further investigation. Owing to the fact that a re- 
search like the present involves the necessity of keeping the animals 
under observation for a very long time, it has been in progress for some 
years, and was therefore commenced before the publication of some e of 
the more recent experiments mentioned above. 

Method. In the present series of experiments only dogs were used, 
and in order to make the paper as brief as possible the general — 
operative procedure will merely be described, minor details being 
omitted. Healthy dogs, which had been accustomed to live in the 
laboratory, were anzsthetised by means of ether, and after the abdomen 


1 Berl. klin. Wochenschr. 1901, 88 Jahrg. 1. 
2 Loe, cit. 
$ The above is quoted from E. M. Brockbank, On Gall-Stones, London, 1896, p. 67. 
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had been carefully shaved, well washed and treated with antiseptics, an 
incision two or three inches long was made in the middle line from the 
xyphoid downwards. The gall-bladder was then drawn forward and 
by gently squeezing, as much bile as possible was forced through the 
bile-duct, the gall-bladder being more or less empty; the fundus was 
then attached to the upper part of the abdominal incision, the lower 
part of the wound being closed, without contamination of the peritoneal 
cavity. A small incision was then made in the gall-bladder itself, and 
through the opening, fragments of gall-stone—the size of a hazel-nut 
or smaller, and with more or less rough edges—were inserted. The 
incision into the gall-bladder was then closed by means of fine silk, and 
the abdominal surface afterwards closed. In those cases where a bac- 
teria culture or pus was inserted one was able by this means to avoid 
any contamination of the peritoneum, as was ‘shown by the autopsy in 
no case revealing peritonitis, and in very few cases much adhesion. 
The edges of the wound having been united, a dressing of boracic acid 
was applied, and rapid healing took place. The animals were at first 
after the operation given milk together with white of egg, the diet 
being gradually improved ; and during the rest of the time they were 
kept under — they were fed with dog-biscuits and occasional 
meat. 

The the Sane of oiltMaean were in all cases more or less similar. 
The composition of two of the fragments is shown in the following 


table 
Water °/, 19-90 15°81 
Solids °/, 80-15 84-28 
Cholesterin 77°24 77°30 
CaO 9), 0-20 0-88 
Ash 2-75 2°71 


From these two analyses we see that the calculi were principally 
of the cholesterin type, although there was a certain amount of bilirubin 
calcium present. 


THE EFFECT OF HEALTHY DOGS’ BILE ON A GALL-STONE WHEN 
INSERTED INTO THE GALL-BLADDER. 


In this series we have 5 experiments, in 4 of which the gall-stone 
was merely inserted into the — and the animals kept alive 
from 6 months to 1 year. 


Exp. 1. Fox-terrier, weight 7-500 kilos. Two gall-stones were inserted 
into the gall-bladder, each stone about the size of a hazel-nut. The gall- 
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bladder was not attached to the abdominal wall, but merely sutured and 
allowed to lie free in the abdominal cavity. After the dog had been kept 
in the laboratory for a year it was killed by chloroform. There were 
practically no adhesions, except that the gall-bladder was slightly adherent 
to the omentum; no signs of peritonitis were present. The mucous membrane 
of the gall-bladder was normal, The bile was also natural in aspect, being 
clear and quite free from suspended matter. The gall-stones introduced had 
entirely disappeared ; the eystic duct was small in size and presented a 
normal appearance. Microscopical sections of the wall of the gall-bladder 
were typically healthy in aspect. 


Exp. 2. Wire-terrier bitch, weight 7:200 kilos. Two fragments of gall- 
stones, measuring a little over a centimetre in the longest diameter, and just 
under a centimetre in the smallest diameter, were inserted into the gall- 
bladder with antiseptic precautions. The animal lived in apparently perfect 
health for some time, but towards the end refused to eat biscuits and had- 
to be fed with meat. After 265 days tlie dog choked itself with a large 
lump of meat and was found to weigh only 4'800 kilos. The section showed 
no morbid changes in the abdomen. The gall-bladder appeared perfectly 
healthy and the microscopical examination of its wall showed nothing 
abnormal, the epithelium being unaltered. The bile was dark emerald-green 
and contained a good deal of mucus, but no débris; no gall-stones or remains 
of gall-stones were to be found within the gall-bladder, cystic duct or common 
bile-duct. No micro-organisms were found on the walls of the gall-bladder 
or in the bile. The liver substance was only slightly adherent to the gall- 
bladder. 


Exp. 3. Fox-terrier. In this case the animal was about 7 kilos. Two 
fragments of gall-stones were introduced, as in the preceding experiment, into 
the gall-bladder, and six months later the animal was killed. The gall- 
bladder but for slight linear scarring on the outer surface was in every 
respect normal and contained bile which was free from suspended matter. 
The gall-stones introduced had entirely disappeared ; the cystic duct and 
ductus communis choledochus were also unaltered in size and aspect. 


Exp. 4. Fox-terrier. Two fragments, of rather larger size than the 
previous ones, were inserted into the gall-bladder. The animal was killed at 
the end of six months, during which time he had remained in perfect health. 
Careful examination of the gall-bladder, ducts, and surrounding parts failed 
to reveal any structural change beyond a slight scarring of the former. The 
bile was dark in colour and free from suspended matter. The cholesterin 
stones introduced into the gall-bladder had entirely disappeared. 


Exp, 5. Small black and tan ‘terrier, weight 4°500 kilos. With the 
ordinary antiseptic precautions the fundus of the gall-bladder was stitched 


‘ 
4 
4 
> “ 
A. 


FORMATION OF GALL-STONES. 345 


to the abdominal wall, and through an incision } of an inch long into the 
gall-bladder three stones were inserted, the largest being a little over 1 
centimetre long x0°5x0°5 centimetres, the others slightly smaller. The 
gall-bladder was sutured and the fundus of the gall-bladder stitched to the 
abdominal wall, a knotted silk thread being drawn down through the wound 
to indicate the position of the gall-bladder. Eight days later a culture of 
bacillus coli was injected into the gall-bladder, taking the direction of the 
thick thread. The dog was killed 101 days later and was found to weigh 
5 kilos. The tip of the gall-bladder was found to be adherent to the 
abdominal wall, the gall-bladder itself being somewhat elongated. Slight 
omental adhesions were present, but no peritonitis. The bile was thin and 
contained no gall-stones or débris, and was found to contain no micro- 
organisms. Microscopical examination of the gall-bladder wall showed it 
to be in every respect normal. The bile was thin and clear, and free from 
débris and suspended matter, and cultures from the bile all remained sterile. 
In this case, in all probability, the-colon bacilli which were inoculated into 
the gall-bladder were washed out by the bile. 


In these five experiments we found that in all cases the gall-stones 
disappeared in a period varying from 1 year to 6 months; and in those 
cases in which micro-organisms were searched for none were found, 
either in the substance of the gall-bladder or in the bile. 


THE EFFECT OF THE CONTENTS OF DOGS’ GALL-BLADDER UPON 
FRAGMENTS OF CALCULI WHEN. CHOLECYSTITIS WAS PRESENT. 


Exp. 6. Wire-haired fox-terrier, weight 7650 kilos. The gall-bladder 
was stitched to the margin of the wound ; the peritoneal cavity having been 
closed the gall-bladder was opened and a piece of gall-stone, 15 centimetres 
x 0-5 centimetres x 0°5 centimetres, inserted. At the same time, some pus 
was inoculated into the gall-bladder from a case of suppurative cholecystitis 
in a human subject. The pus had previously been found to contain the colon 
bacillus. The gall-bladder was then stitched, the wound carefully washed 
and sewn up in the ordinary way. The dog was killed 85 days later, and 
weighed 7°750 kilos. The gall-bladder was found adherent at its fundus, 
somewhat elongated, and the cystic duct was dilated as far as its juncture 
_ with the first hepatic duct. The gall-bladder contained light-coloured bile 
with streaks of mucus. The fragment of stone was near the entrance of 
the cystic duct, and was apparently of the original size, the edges still being 
sharp and the radiations of the calculus still distinct. The wall of the gall- 
bladder appeared to be thickened: microscopically, it showed: changes in the 
mucous membrane, the epithelium of which was swollen and vacuolated, and 
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covered with an amorphous deposit. There was no clear increase in number, 
or change of character, in the sub-epithelial cells of the mucous coat or in 
those of the sub-mucous coat, which showed no marked structural change ; no 
micro-organisms were recognisable in the deposit covering the surface or 
elsewhere. The gall-stone fragment was analysed. As compared with the 
fraction of the original gall-stone, the only apparent alteration it exhibited 
was a slight increase in the amount of water it contained, which had increased 
from 15°81°/, to 22°55°/,, while the solids had diminished from 84°/, to 
77°45°/,. The total ash was 2°99°/,, the CaO appeared slightly increased, 
being 0°99°/, instead of 0-88°/,. 

Exp. 7. Wire-haired Irish terrier, weight 6 kilos. The gall-bladder was 
stitched to the upper part of the wound and isolated from the peritoneal 
cavity, as in the previous case. Three pieces of the same gall-stone, together 
with dry pus from the same case, were inserted into the gall-bladder ; two 
of the fragments of gall-stone were about as large as a mulberry, the third a 
little smaller. The animal was killed 56 days later, then weighing 7°5 kilos. 
The gall-bladder was firmly adherent to the abdominal wall, but no inflam- 
matory process was found around, only some slight omental adhesions. The 
gall-bladder contained the two larger calculi, apparently unaltered in condition, 
together with one small black mass and three small lumps, the size of pins’ 
heads. The bile was not very thick, although it had a good deal of mucus. 
‘Microscopically, the bile was found to contain a good deal of pigmented 
material together with bacilli forming fine threads. No cholesterin crystals 
were present. The epithelium of the mucous membrane of the gall-bladder 
was seen to be swollen and vacuolated; among the epithelial cells a few 
wandering ones were found. This change was less marked at the bottom of 
the recesses of the mucous membrane than at the summit of the projections 
which this coat presented. In a few places the surface of the epithelium had 
disappeared, leaving a raw surface. Lying upon the surface of the epithelium 
was an amorphous or finely reticular deposit, which did not stain well with 
a fibrin stain. In the connective tissue lying beneath the surface of the 
epithelium injected capillaries were seen where the epithelium was most 
altered. The number of the nuclei in the connective tissue of the mucous 
and submucous coats was considerable, but it is difficult to be sure that 
an actual increase of the cells had taken place. No micro-organisms were 
found on the surface or in the substance of the gall-bladder wall. 


Exp. 8, Mongrel dog, weight 7 kilos. This animal was operated on 
exactly as the two preceding, fragments of calculi the same size being 
introduced into the gall-bladder, together with some pus containing virulent 
bacilli coli, which had been inoculated into a rabbit. The dog was killed 
52 days later, and weighed 8°15 kilos, having been in very good health. 
The gall-bladder was firmly adherent to the abdominal wall; there were 
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slight mesenteric attachments, but no peritonitis. One fragment of gall- 
stone remained apparently unaltered, with sharp edges, while the other 
fragments had entirely disappeared. The gall-bladder appeared thickened, 
and the bile apparently normal. On microscopical examination, the surface 
epithelium of the gall-bladder was found to be swollen and vacuolated, with 
here and there wandering cells. On the summit of the elevations of the 
mucous membrane these changes were most marked, and occasionally in these 
situations a detachment of epithelium was found; but there was less 
alteration of the surface of the epithelium than in the previous case. A 
slight granular deposit staining diffusely, without any recognisable structure, 
covered the surface epithelium ; there was some injection of the capillaries 
lying below the mucous membrane, but no cell infiltration around these 
vessels. No clear increase of the cells contained in the mucous or submucous 
coats could be made out. No micro-organisms could be demonstrated lying . 
upon or within the wall of the gall-bladder. 


Exp. 9, Fox-terrier, weight 6°75 kilos. The operation was exactly 

similar to the preceding, two fragments being inserted, one 3 centimetres, 
the other 14 centimetres long, both having diameters of 1 centimetre. At 
the same time some pus containing micro-organisms was inserted into the 
gall-bladder. The animal was killed 51 days later and weighed 6°9 kilos. 
Some adhesions were found round the gall-bladder, but no peritonitis. The 
wall of the gall-bladder appeared thickened ; the two calculi were present, 
the smaller appearing exactly as it was originally, the larger fragment of 
gall-stone being surrounded by and embedded in pale yellow cheese-like 
substance. The epithelium of the mucous membrane of. the gall-bladder 
was markedly vacuolated and swollen, and in some places disintegrated or 
shed. It was covered with an amorphous material, staining diffusely and 
containing bacilli, arranged singly in pairs or groups, and sometimes in short 
chains, resembling in size and shape the colon bacillus, exhibiting a variable 
staining capacity by Loeffler’s method and retaining the stain by Gram’s 
method. Where the surface of the epithelium was abraded these bacilli 
might be seen to penetrate a short distance into the sub-epithelial tissue, 
but no evidence of infiltration of multinuclear or mononuclear cells was to 
be found here or elsewhere. The elevations of the mucous membrane were 
elongated. There was some cedema of the mucous and submucous tissue, 
the capillaries of which were injected. Fibroid tissue was found to have 
developed all round the gall-bladder; the muscular coat appeared to be 
thickened. The caseous material from the gall-bladder consisted of granular 
matter together with fine needles, often arranged in rosettes, somewhat brown 
in colour. ‘No epithelium or other formed material was present, and neither 
cholesterin nor fat globules were recognisable. On heating, the caseous 
material charred, and on incineration, a white residue was left which gave 
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off bubbles when moistened with 33°), acetic acid. During charring an 


odour of burnt leather was given off. : On staining by Loeffler’s method, 
numerous bacilli about 2-9» in diameter were seen, resembling colon bacilli, 
and retaining the stain by Gram’s method. The analysis of the caseous 
matter showed :— Water 5°19°/,, Solids 94°81°/ , Ash 9°54°/,, Lime 7°63 °/,, 
‘Soluble matter in ether and alcohol (fat) 10°6°/,.. There was no sulphur. 
Cultures from the caseous material gave the following results: On agar, a 

rapidly growing white film, resembling that of colon bacillus; on glucose — 
gelatine, no liquefication occurred, but an abundant formation of gas. Milk 
was curdled at the end of 48 hours; reaction at the end of 8 days was 
strongly acid. In broth a turbidity was produced at the end of 24 hours 
and a deposit of a whitish colour was seen at the bottom of the test-tube. 
The bacilli had the size and shape already described, were non-motile and 
were decolorised by Gram’s method with great slowness. An offensive 
odour was given off in agar, gelatine, and broth culture, and to a less extent, 
in milk. Indol reaction in broth culture was not obtained. The growth was 

therefore one of bacillus coli. | 


Exp. 10. Brown terrier, weight 6°9 kilos. The operation was the same 
as the previous one, one large fragment, 2 x 1 x 1 centimetres, being inserted. 
The animal was killed 40 days later, as it became ill, and during the last 
month rapidly lost weight, going off its food; when it was fed on meat 
it improved somewhat, but later again became thin, weighing only 4°75 kilos. 
The abdominal cavity showed some adhesions, but only round the gall-bladder; — 
the gall-bladder itself was shrunken and contained very little bile, and the 
stone retained its sharp edges, only one being slightly rounded off; the size 
appeared to. be unaltered. The gall-bladder itself appeared to be thickened, 
and microscopically there was marked vacuolation and swelling of the 
epithelium, which was in places diffusely stained and much disintegrated. 
The elevations of the mucous membrane were elongated ; the sub-epithelium 
appeared cedematous and contained cells with multipartite nuclei in sparse 
numbers, and the capillaries were somewhat congested. The muscular coat 
was thin. There was much fibroid tissue surrounding the gall-bladder 
externally. The mucous membrane was covered with a deposit of an 
amorphous character, containing badilli 2:2 ~ long, varying much in staining 
reaction by Loeffler’s method, decolorising slowly by Gram’s method, and 
arranged singly or in short chains ; these organisms usually stained uniformly, 
but some exhibited bipolar staining. - 

Exp. 11. Black and tan terrier, weight 6°4 kilos. Two fnmatods of 
gall-stone, 1-2 and 1:5 centimetres long respectively by 1 centimetre in the 
other direction, were inserted into the gall-bladder. In this case no pus 
was injected, but 27 days later the dog showed some twitching movements, 
and was found dead next morning. At the autopsy the gall-bladder 


g 
h 
3 
{ 
q 
4 
ai 
d 
nt 
mt 
| 
is 
4 
4 
q + 
4 
4 
Bhs 


FORMATION OF GALL-STONES. 349 


contained the two stones apparently unaltered, and was filled with dark- 
green bile. The wall of the gall-bladder was thickened and did not stain 
well. The epithelium was not markedly vacuolated and had become detached 
in some places; the nuclei of the epithelium assumed a flattened and 
shrivelled aspect. The sub-epithelial nuclei were not increased in number, 
and the submucous coat was oedematous in character. The muscular coat 
appeared thickened. On the inner surface of the gall-bladder lay much 
flocculent material, granular in character, and consisting of bacilli — 
did not stain well. 


GENERAL RESULTS. 


The results obtained in these experiments may be briefly summa- 
rised in tabular form. 


TABLE I, tain an ate cholesterin stones introduced into the 
gall-bladder subsequently became dissolved. 


No, of Animal Operation Result 
Dog 1 One unbroken cholesterin- § Necropsy 1 year later. Gall-stone had dis- 
stone introduced into Gall-bladder and cystic duct 
-bladder. natural aspect. Bile healthy in 8 


pearance and free from suspended matter 


re Two cholesterin-stone frag- | Necropsy 265 days later. Both gall-stone 
ments introduced into fragments had disappeared. Gall-bladder, 
- gall-bladder. cystic duct and bile all healthy in aspect. 


oe Same as 1. Necropsy 6 months laden: Gall-stone had 
1 disappeared. Gall-bladder, cystic duct 
and bile all healthy in aspect. 


ee Same as 1. Necropsy 6 months later. Gall-stone had 
disa  Gall-bladder, cystic duct 
and bile all healthy in aspect. 


» 5 Three cholesterin- stone Necropsy 101 days later. All three 
fragments introduced in- stone fragments had disappeared. 
to gall-bladder. (Eight bladder and cystic duct healthy in aspect. 
- days later a culture of Bile thin, free from suspended matter, 


containing no micro-organisms. 
the gall-bladder.) 


| In Table I. all the animals remained in good health except dog 2, 
which lost weight. In all the gall-stones disappeared, the gall-bladder 
and its contents being in all respects normal. 
In Table II. we see that in Exps. 6, 7, 8 and 9, the dogs continued 
apparently in perfect health; nevertheless, the autopsy revealed chole- 
cystitis and no dissolution of gall-stones occurred. In Exps. 10 and 11, 
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the animals lost weight; as before, cholecystitis was present and the 
gall-stone fragments introduced were unaltered. 


TasLe II.—Zaperiments in which cholesterin stones introduced into the 
gall-bladder subsequently remained undissolved. 


No. of Animal Operation Result 
Dog 6 One cholesterin-stone frag- N 85 days later. Gall-stone fragment 
ment introduced into Cholecystitis present. Bile 
gall - bladder, “ata light- coloured. Mucoid material on inner 
with pus containing b. surface of gall-bladder free from micro- 
. coli. organisms. 
Three cholesterin-stone Necropsy 56 days later. Two gall-stone 


fragments introduced in- 


fragments present ; also débris of the third 


to gall-bladder, ther fragment which had broken up. Chole- 
with dry pus. ness cystitis present. Bile contained bacilli 
forming filaments. 

oe Two cholesterin-stone frag- Necropsy 52 later. One gall-stone 
ments introduced into fragment unaltered; the other had dis- 
gall- bladder, together appeared. Chol ecystiti present. No 
with pus containing b. micro-organisms could be detected in gall- 
coli. bladder. 

9 Two cholesterin-stone frag- Necropsy 51 days later. Both gall-stone 
ments introduced into fragments unaltered. Cholecystitis. Gall- 
gall- bladder, together bladder contained cheesy material in 
cali pus containing b. which b. coli was found. 

” 10 One cholesterin-stone frag 


ment introduced into 
gall-bladder. 


—— 40 days later. Gall-stone fragment 
tered. Cholecystitis present. Bacilli 
present in contents of gall-bladder. 


Two cholesterin-stone frag- 
ments introduced into 


gall-bladder. 


acilli in flocculent 


Necropsy 27 days later. Gall-stone fragment 
unaltered. Ba deposit 
on inner surface of gall-bladder. 


It would therefore appear that when the gall-bladder is healthy, 
gall-stones tend to disappear; on the other hand, when cholecystitis 
was present in our experiments, the gall-stones remained unchanged. 

In the experiments (Table II.), the following changes were met with 
in the mucous membrane of the gall-bladder. The columnar epithelial 
cells were in every case covered with an amorphous or finely reticular 
deposit, which could not be well stained with a fibrin stain, nor with 
any of the other stains employed (methylene-blue, hematoxylin, basic 
fuchsin, methyl-violet, acid fuchsin erythrosin). Sometimes this deposit 
contained micro-organisms (in four cases out of six). The epithelial 
cells themselves were swollen, and presented in the middle and upper 
parts of their cytoplasm a clear vacuolated aspect, such as is shown 
in Fig. 1; Fig. 2 representing the normal uniform finely granular 
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appearance of the healthy epithelial cells similarly stained with 
methylene-blue for the sake of comparison. The outer denser peri- 


Fig. 1. Epithelial layer of mucous membrane of gall-bladder of Dog 7. The epithelial 
cells are swollen and the cytoplasm is clear in the upper part of the cell. On the - 
surface is a deposit of amorphous material. In the sub-epithelial tissue no ee 
cell-infiltration is to be recognised. x 500. 


Fig. 2. Healthy epithelium of gall-bladder of dog for comparison with above. x 500. 


phery of the cell appeared less affected. Lying among the epithelial 
cells wandering cells could also be seen in sparse numbers. The 
connective tissue of the mucous coat sometimes appeared wide-meshed 
as if cdematous, but this character was not always present. The 
capillaries of the mucous membrane were sometimes congested, but 
no perivascular cell-infiltration was present here or elsewhere in the 
wall of the gall-bladder. The nuclei in the connective tissue of the 
mucous and submucous coats are normally numerous and collections 
of lymphoid tissue are met with, but no increase of nuclei could be 
clearly demonstrated in the sections. The muscular coat appeared 
unaltered. In some of the animals there was some development of 
fibrous tissue external to the gall-bladder, in others this was very small 
in amount. | 
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THE ROLE OF THE LIVER AND SPLEEN IN THE 
DESTRUCTION OF THE BLOOD CORPUSCLES. 
By W. BAIN, MD, MROP. 


(From the Research Laboratories of the Royal College of Physicians, 
London, and of the Royal College of Surgeons, England.) 


THE experiments of which an account is given in this paper were 
undertaken to determine the changes which occur in blood when it is . 
passed repeatedly through the liver and through the spleen, and then 
to determine the influence of these organs upon the blood corpuscles. 

Our knowledge as to the relation of the liver to the red corpuscles 
has been chiefly obtained by an examination of the liver and bile for 
| decomposition products of hemoglobin. The results are well known and 
need not be given here. 

Observations in which the blood flowing from the liver and spleen 
has been compared to the blood flowing to these organs, have not given 
very definite results. 

Malassez' records experiments tending to show that the number of 
red corpuscles in blood taken directly from the hepatic vein is less than 
that present in portal blood. Drosdoff* found that the venous hepatic 
blood had less solids and slightly more hemoglobin than portal blood. 
He criticises the methods which had been employed by Flugge®* who 
had found the same amount of hemoglobin in both hepatic and portal 
blood. 

Nicolaides‘ also examined the blood collected simultaneously from 
the portal and hepatic veins. He concludes that considerable numbers 
of red corpuscles are destroyed. His results, however, show such 
extensive changes (varying from 18 to 36°/, in animals after a meal) for 


a single passage of the blood through the liver that they cannot be 
accepted as at all probable. 


1 Malassez. Thése Doctorat. Paris, 1878. 

* Drosdoff. Ztschr. physiol. Chem. 1. p. 238. 1877. 
3 Flugge. Ztschr. Biol. xm. 
* Nicolaides. Arch. de Physiol. x1v. p. 581. 1882. 
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Kozlow? collected samples of blood from the carotid and portal 
vein, and a few minutes later from the hepatic vein by passing a tube 
through the jugular vein. His results showed that the hemoglobin 
content of the portal blood varied from 11°21 °/, to 20:02°/,, whereas 
that of the hepatic blood varied from 9°20°/, to 17°3°/,. In only one 
experiment was the hepatic blood found to contain more hemoglobin 
than the portal. i 

Lastly Schafer? examined the blood of the splenic vein and did not 
find either hemoglobin or bile pigment in the serum in quantity greater 
than that found in the aortic blood. 

The examination of the blood. The general plan of my 
experiments was to examine and compare ‘two samples of blood, one 
taken directly after the artificial perfusion had been started, the other 
at the end of the experimént. In a complete saat the following 
points were determined : 

The number of red corpuscles. The Thoma-Zeiss sbunieas was used 
for the enumeration, with Hayem’s solution as the diluting fluid. 
Gower’s pipettes were used, the dilution being made in small cylindrical 
_ glass-stoppered mixing bottles, each containing a glass bead—a method 
ensuring greater accuracy than when the Thoma-Zeiss pipettes are used. 

The number of leucocytes. For this estimation the same method was 
adopted with the usual difference of dilution (1 in 20). The ordinary 
diluting fluid was employed, viz. 0°3 per cent. acetic acid to which 
methyl-violet had been added. 

The quantitative determination of the hemoglobin. In the liver per- 
fusions Oliver's hemoglobinometer was used; in the spleen experiments 
Haldane’s modification of Gower’s instrument. The latter possesses 
considerable relative advantages, since it gives a direct measure of the 
amount of hemoglobin, and the amount of blood taken is a definite 
fraction of a cubic centimetre. It is consequently much easier to correct 
for the. hemoglobin found in the serum. It possesses the further 
advantages that the estimation can be made by daylight, and that the 
pipette is graduated, so that a fraction of the usual amount taken can 
_ be accurately measured off at once. When experimenting on the dog, 

_ Oliver’s instrument cannot be employed without a preliminary dilution 
of the blood on account of the high percentage of hemoglobin present. 

The amount of hemoglobin dissolved in the serum. For this estimation 
a portion of the blood was centrifuged. The amount of hemoglobin 


1 Kozlow. Kasan, 1898. Abstracted in Maly’s Jahresbericht, xxix. p. 158. 
2 Schiifer. Proc. Physiol. Soc. This Journal, x1. 1890, 
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was then determined in the clear serum either by Oliver's or Haldane’s _ 
instrument, after dilution when necessary. 

The determination of the relative volume of serum and conpuscles was 
effected by the hemotocrit. 

The specific gravity of the blood was determined by blowing small 
drops of blood from a capillary pipette horizontally into mixtures of 
glycerine and water of known specific gravity, and noting in which the 
drops neither rose nor fell at the moment of leaving the tube. 

The examination of the liver for iron. A piece of a lobe was treated 
with alcoholic ammonium sulphide solution, and sections were sub- 
sequently cut. A quantitative determination was made in the 
following way: a lobe of the liver was taken directly after perfusion had 
been commenced and a second lobe at the end of the experiment. The 
portions were each cut into small fragments and thoroughly washed 
with salt solution. They were then finely minced or powdered and 
again washed with saline until free from blood. The pulp was 
thoroughly dried at 110°C. to constant weight and incinerated; the ash 
weighed and then dissolved in sulphuric acid. Next, the iron was 
reduced by zinc and titrated with potassium permanganate. The zinc 
and acid used were tested for iron in control experiments, and correction 
made in the final analysis for the small amount they were found to 
contain. 
Experimental method. Liver perfusions. In all cases cats 
were used, the perfusions being effected by Brodie’s apparatus, and 
with the precautions mentioned by him’. The procedure finally 
adopted was briefly as follows. The animals were anwsthetised with 
ether, the portal vein freed as close to the portal fissure as possible 
and loose threads passed under it, all small veins entering the last 
2 cms. being ligatured. The animal was bled, its blood whipped, 
filtered, and pumped into the receiver of the perfusion apparatus. 
Usually, the lungs and intestines were ligatured and removed. The 
cannula was tied in the portal vein, the thorax well opened, and a 
second cannula tied in the inferior cava immediately above the dia- 
phragm. The portal cannula was connected to the delivery tube of the 
perfusion apparatus. The first blood flowing from the inferior cava was 
collected separately, whipped, filtered, and returned to the main bulk 
of the blood in the receiver. The outflow tube was then connected 
directly to the collecting receiver of the apparatus and perfusion was 
allowed to proceed for about two minutes in order to mix the blood 

1 See this Journal, xx1x. p. 266. 
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thoroughly before the control sample was taken. In all cases the 
sample was taken directly from the vena cava. The abdomen was. 
closed and the animal kept warm by a layer of cotton-wool. | 
_ As the amount of blood collected from one animal was found to be 
insufficient, the blood of three cats was collected for each experiment 
and the perfusion conducted on the liver of a fourth. © | 

The perfusion was continued from one to two hours, and the 
remaining blood then collected for examination. The temperature of 
the circulating blood was maintained at 37°C. The flow was so rapid 
that the temperature of the outflowing blood was practically the same 
as that of the blood in the receiver. The pressure at which the blood 
was supplied to the vein was about 20 mm. of mercury. 

In all the later experiments the hepatic artery was clamped and 
the blood collected from the right auricle in the manner mentioned 
by Brodie (op. cit.) and for the reasons given. The height of the 
auricle was fixed at 5 cms. above the orifice of the collecting tube. 

Control experiments were made to determine whether the circulation . 
of the blood through the apparatus alone, led to any destruction of the 
corpuscles. For this purpose the delivery tube was connected directly 
to the collecting tube by a fine piece of rubber tubing provided with a 
screw-clip. The pressure and time of perfusion were the same as in the 
ordinary experiments and the flow was regulated to approximately the 
same rate by the screw-clip. In some of these. earlier control ex- 
periments some destruction of red corpuscles was observed and this was 
ultimately traced to the fact that the pump was made of vulcanite and 
brass. The second pump described in Brodie’s paper was therefore 
designed, and its use was found to check considerably the destruction of 
the red corpuscles. 

In experiments requiring the examination of the liver itself, a lobe 
was ligatured and excised directly after the:perfusion had been started. 
This is easily done, for there is no bleeding from the stump, although 
in drawing the ligature tight some of the liver substance is torn 
through. The experiments comprise 28 perfusions through the liver, 
and 12 control circulations through the apparatus. 

Spleen perfusions. The spleen of the cat is incenveniently small 
for perfusion, and the rate of flow too slow for a quick experiment. 
Dogs were therefore used. The animals were anesthetised with A.C.z. 
mixture. The gastro-splenic omentum was doubly ligatured in several 
sections, and cut across, In this way the two sides of the spleen were 
in succession completely freed. It was necessary next to separate the 
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tail of the pancreas from the splenic vein, small veins exposed being 
ligatured in two places and divided. The splenic artery and vein divide 
into two main branches at about the level of the tail of the pancreas, 
hence it is necessary to free the vessels completely for about 1°5 cms. 
below this division, leaving the spleen attached only by a small pedicle 
containing the vessels and nerves. The vein and artery were then 
completely isolated for about 1 cm. and the nerves were also dissected 
free, after which loose ligatures were passed under the two vessels. 
The animal was then bled from the carotid, the blood whipped and 
filtered, and as much of it as was necessary pumped into the receiver. 
Meanwhile the ligatures round the vessels were tied, and by a single 
cut lower down, the spleen and its vessels removed. Cannule were 
quickly tied in the artery and vein, and the organ connected up to the 
perfusion apparatus. From the instant the organ was removed it was 
kept warm by folding it in cotton-wool wrung out of hot saline, and, 
as soon as the cannule were tied in position, it was immersed in a 
saline bath kept at body temperature. The pressure of perfusion was 
varied: in some it was as low as 100 mm. of Hg, in others as high as 
160 mm. The rate of flow through the organ varied greatly in different 
experiments, but was always slow. To imitate the natural circulation 
through the organ, and to increase the volume of blood passing through 
it, the splenic nerves were therefore tetanised at intervals of about ten 
minutes. This proved most effective. At each excitation as much 
as 15 to 30 cc. of blood were expelled, the spleen becoming pale and 
hard. It quickly relaxed again, once more filled up with blood and 
when it had reached a moderate size was again made to contract. The 
nerves usually remained quite excitable for the whole duration of the 
experiment, which usually lasted for two hours. In one experiment 
the rate of flow was measured, and it was then calculated that the 
whole of the blood circulated at least ten times through the organ, 
and this too, in an experiment in which the flow was much slower 
than usual. The excess of blood obtained from the animal was employed 
in control circulation experiments through the apparatus alone. In 
the most satisfactory of these the control experiment was started directly 
the main experiment was finished, but in one or two the blood was 
kept overnight in an ice chamber. The duration of the experiment 
and the pressure employed in these control experiments were the same 
as in the main ones, The experiments numbered seventeen; eleven 
perfusions through the organ and six control circulations through the 
apparatus. 
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RESULTS OBTAINED IN THE LIVER PERFUSIONS. 


The figures obtained in ten typical perfusions are given in Table L., 
whilst Table II. gives the corresponding results of some of the control 
experiments, Column II. gives the amount of hemoglobin expressed 
in percentages of the amount found in normal human blood. 

The examination of the figures in Cols. I1—IV. brings out the 
following points :—In experiments 1, 2, 3, 5 the amount of hzmoglobin, 
the number of corpuscles, and their volume all decrease, while in the 
remaining six experiments they all show an increase. The explanation 
of the difference in these two groups is partly, that in the latter (which 
is the better because the later series) one source of fallacy has been 
avoided by employing a pump which did not injure the corpuscles so 
much as that first used, and partly that in experiments 1, 3, and 5, 
sheep's blood was perfused and with this the destruction of corpuscles 
was greater than in any of the others. 

In all the experiments, the number of red corpuscles and the oan 
of corpuscles follow one another very closely. The increase in the 
number in the later experiments is mainly due to a loss of plasma, 
and possibly to some extent to evaporation, which may take place 
during the passage of the blood through the perfusion apparatus. The 
loss from this latter cause is probably insignificant in most cases, as 
may be judged from the relatively small change observed in the 
control experiments, and also because the change in specific gravity is 
usually insignificant. Exp. 10 is the only one which is exceptional in 
this respect. Another possible explanation of the change in some — 
experiments, is that occasionally a considerable amount of frothing of 
the blood, always entailing some loss, takes place, and the lost blood 
may not have the same average composition as the remainder. 

Taken thus far, then, there is no direct evidence from the blood 
itself that destruction of red corpuscles has occurred, but we can at once 
obtain such evidence in two ways, viz.—(1) by calculating the percentage 
amount of hemoglobin dissolved in the serum before and after perfusion, 


- and (2) by determining the hemoglobin value of the corpuscles. The 


percentage of the total haemoglobin which occurs as hemoglobin 
dissolved in the serum is obtained by multiplying the hemoglobin 
value of the serum by the percentage volume of the serum (deduced 
from Col. IV. Table I.) and dividing by 100. These figures we will 
speak of as the hemoglobin value of the serum. 
The average value of the corpuscles is estimated by dividing the 
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amount of hemoglobin contained in the corpuscles by the number of 
. red cells in zy¢5y5 Of c.mm. of blood, while the amount of haemoglobin 
in the corpuscles is of course given by subtracting the amount contained 
in the serum from the total amount of hemoglobin. The figures thus 
obtained for the hemoglobin value of the corpuscles are at once com- 
parable, but those for the hemoglobin value of the serum are not so. 
To obtain accurately comparable figures for these latter values we should 
require an estimation of some standard factor which we could feel 
assured had undergone no change during the experiment. It was, 
unfortunately, impossible to obtain such a standard, and we have there- 
fore chosen the total hamoglobin value as the one which we reduce to 
an arbitrary fixed amount, altering the remaining figures in the same 
proportion. An error is of course introduéed by this procedure, but it 
is most important to point out that that error is not introduced into the 
average value of the corpuscle in hemoglobin, and that this last figure 
is, as we shall presently point out, the most important one for the main 
conclusion we have to draw. The figures thus reduced are given in 
Tables III. and IV., but in Table III. the first three experiments are 
omitted as they do not give sufficient data for further calculations. 


Taste III. Liver perfusions. Hemoglobin reduced to 100. 


I Il Ill IV Vv 
No. of No. of disecitea ta No. of 
the exp. red corp. the serum leucocytes the red corp. 
4 Before 124°3 2°40 — 0°7852 
After 1179 3°218 _ 0°8205 
5 Before 1616 0°3849 9359 0°6137 
After 149°0 1°650 8510 0°6602 
6 108°6 0°595 8082 0°9131 
After 103°9 2°313 7252 0°9399 
7 Before 1422 - 1°216 6800 0°6946 
After 130°9 2°606 6364 0°7440 
8 Before 14462 2-006 10940° 0°6704 
After 185°8 8°945 9932 0°7073 
9 Before 124°2 1°205 9671 0°7952 
After 118°1 1-781 - 8549 | 0°8318 
10 Before 110°7 1:090 . 5560 0°8929 


After 104-9 1-746 5097 


Before 106-7 0°591 6452 
After 106°8 0-987 6550 0-9323 
4 1°534 6627 09224 
After 104°7 9-681 5689 0-9296 
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An examination of Table IIL Column III. shows that in all cases the 


proportion of hamoglobin dissolved in the serum has increased after . 
the perfusion, and thus gives evidence that the corpuscles have been 


destroyed. By comparing these figures with the corresponding set 
obtained in the control experiments, we see that as a rule the increase 
is less in these latter experiments than in the former, thus indicating 
that the liver takes an active part in the destruction. But the indication 
is by no means conclusive, for the differences between the two sets are 
not very marked. The explanation is that though the liver has de- 
stroyed a large number of corpuscles, it has also removed much of the 
hemoglobin thus set free and the more perfectly this removal is effected 
the lower will be the hemoglobin value of the serum after perfusion. 
When, however, we come to the examination of the fifth column the 
result is far more striking. In every experiment the average hemoglobin 


value of the corpuscle has increased after the perfusion through the 


liver, whereas in the control experiments it has remained exactly the 
same. This in itself is therefore proof that the liver has taken an active 
part in the destruction, and it shows clearly that the action of the liver 
has been selective, for it has picked out those corpuscles weak in 
hemoglobin. This result is the most important one obtained in these 
experiments, for it indicates that in the blood of a normal animal there 
are corpuscles present, containing less hemoglobin than the majority. 
As to the main fact, that the liver under these conditions can destroy 
corpuscles in an apparently normal manner, further very striking 
evidence is forthcoming from the histologiéal and chemical examination 
of the liver. Though the examination of the blood can give us evidence 


of the destruction of the corpuscles, it cannot directly tell us whether 


the hemoglobin thus set free was further attacked by the liver cells. 
Thus, from the figures of Table III. all we can deduce is that a certain, 
usually rather small, amount of destruction has occurred. The figures 
only give the amount of dissolved hemoglobin exclusive of that taken 
up by the liver cells and further destroyed. This latter quantity is very 
considerable, as witnessed by the histo-chemical reactions for loosely 
combined iron, given by pieces of the liver taken before and after 
perfusion respectively. In all instances the reaction after perfusion 
was most marked both to the ammonium-sulphide and to the ferro- 
cyanide tests. | | 

This evidence of destruction of hemoglobin during the experiment 
was further confirmed by the fact that in all successful cases a consider- 
able secretion of bile, rich in pigments, occurred. Moreover, quantitative 
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analyses of the iron of two lobes of the liver, one taken before and one 
after perfusion, proved that the amount of iron had been almost doubled. — 
Thus in one experiment the figures, expressed in percentages of dried 
liver, were 0°15°/, before, and 0°32°/, after. In a second they were 0°13 °/, 
before and 0°20°/, after. 

To be able to calculate the total amount of destruction of red 
corpuscles with accuracy, the experiments would have to be conducted 
by such a method that, either no change in concentration of red cells — 
_ apart from the destruction wrought by the liver could occur, or else the 
whole amount of the blood would have to be known before and after 
perfusion. No attempt was made to satisfy either of these conditions ;— 
it is indeed doubtful if it is possible to do so, We have already seen 
that the first condition invariably fails, and as the second necessitates 
a preliminary washing of the liver until it is blood free, no attempts 
were made to conduct experiments upon these lines. However, as it has 
been discovered that the average hemoglobin value of the corpuscles is 
always found higher after perfusion, we could, by utilising the figures for 
these average values, gain an approaimate estimate of the amount of 
destruction, if we could in any way determine the average value of the 
corpuscles destroyed. It is then a simple calculation to determine how 
many corpuscles, having this low hemoglobin value, must be destroyed 
in order to raise the average hemoglobin value from one quantity to 
a higher. 

* Thus, suppose a certain volume of blood contains n, corpuscles each 
with an average amount of hemoglobin a,, then the total amount of 
hemoglobin is n,a,. Suppose that after perfusion this same quantity 
of blood contained n, corpuscles with an average amount of hemoglobin 
a,, and that 2, corpuscles with an average amount of hemoglobin a, had 
been destroyed. Then 

= Ny + 
Mth = (1, — Ny) Oty + 


Although we cannot calculate a, and a,, still the ratio between them 
is given by the figures for the average hemoglobin value already 
calculated. So that if we can obtain a similar ratio for a, the 
percentage of hemoglobin contained in the corpuscles destroyed will 
be given by the expression :— 
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From the figures of the experiments, we can obtain an approximate 


estimate of the value of a, in the following way. Thus, taking 


experiment 8 as an example, the necessary figures are, the total 
percentage amount of hemoglobin, the number of corpuscles in 


of a cubic mm., the percentage amount of hemoglobin dissolved 


in the serum and the average hemoglobin values of the — 


_ ‘These are given in the above order, thus :— 


Before 81 1184 1625 0°6704 (=a,), 
After 88 1195 3472 07073 (=a). 


Hence for 100 parts of hemoglobin the figurés would have to be 


altered to the following : — 


Before 100 1462 20062 
After 100 1358 389454  0°7073. 


Thus for equal amounts of hemoglobin, there is, in the second row 
of figures, a decrease of 10°4 in the number of corpuscles, and an 
increase of 1°9392 in the percentage of hzmoglobin dissolved in the 
serum. If now we assume that this number of corpuscles is represented 
by the increase of hemoglobin in the serum, the average value of 
those cells in hemoglobin on the same standard as before, would 
1:9392 

10°4 


» which is the approximate value for a, we are. 


seeking. 


An error, however, lies in the assumption we have made, for it could 
only be correct if no hemoglobin had disappeared from the serum. 
Still the error introduced makes the value of the corpuscles destroyed 
too low, and as this will lead to too low an estimation of the per- 
centage of corpuscles destroyed, the error lies in the right direction. 
If now from formula (2) given.above we calculate the percentage of 
for this we get 


- 00369 
*x 100= 05908 x 100 
= 7°0852, 


ie. more than 1%, of the corpuscles were destroyed—a number which 


is certainly understated. The evidence obtained in this way confirms | 
the conclusion lresty reached that a very considerable destruction 
takes place: 
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The calculated values of a,, a, and a;, and of the percentage amount 
of destruction for all. the experiments are given in Table V. In all 
instances the value for a, thus obtained is very low, much lower 
than we should expect to be the case for any corpuscles circulating 
in normal blood. Though these figures certainly underestimate that 


V. 

of exp. (a; and ag) 

4 0905 0°1859 (a,) 4°67 

0-0686 7-80 

7 0-1280 7-96 

01865 709 

9 4-91 
10 01181 2°84 


value, they are of use as an indication of the degree to which the 
liver has removed the hemoglobin set free by the destruction of the 
corpuscles. The more perfectly this has been removed, the lower 
this figure becomes. Thus we can argue, that in Exps. 5 and 9 the 
liver was acting vigorously in this respect, while in Exp. 6 the liver 
removed but little of the hemoglobin set free. The figures given 
in the third column are to be taken as indicating that more than 
that percentage of the corpuscles have been destroyed, but how 
much more, we have no means of determining. If we make the fairly 
probable supposition that the hemoglobin value of the destroyed 
cells was at least two-thirds of the mean hemoglobin values before 
and after, that is in the case of Exp. 5 was 0°4246, then the 
number destroyed works out for this experiment at 19°/,. In Exp. 10, 
on the other hand, the assumed value for 4, —_— be 0°6209 and the 
number destroyed 13°7°/, 
We next come to a consideration of the pare blood corpuscles. 
A diminution in number of white corpuscles might be due to destruction 
in the apparatus, to accumulation in the connective tissue spaces of the 
liver, or to active destruction by the liver itself. The control ex- 
periments indicate, that in two, the white corpuscles were practically 
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unaltered, in the third there was considerable destruction. On examining 
the control experiments taken during the spleen perfusions (Table IX. 
Col. IV. p. 366) we see that again there is some destruction, and that it 
amounts on the average to nearly 10°/, of the original number. The 
_ figures obtained in the liver perfusions (Tables III. 1V.) amount to rather 

more than this and would certainly exceed it if we could make the 
_ proper correction in the after perfusion figures required by the fact that 
- some of the hemoglobin has been destroyed. When examining sections 
of the liver after perfusion no excessive number of leucocytes could be 
seen in the connective tissue spaces, so that we may conclude that the 
liver itself destroys a certain small number of these cells. 


RESULTS OBTAINED IN THE SPLEEN PERFUSIONS. 


The general results are given in Table VI. and for comparison 
Table VII. gives a similar series of observations in the control per- 
fusions through the apparatus. An examination of Table VI. shows 
that in nearly all cases concentration occurred, for the percentage of 
hemoglobin and the specific gravity both rise. This concentration is 
therefore probably due to evaporation during pumping. 

To be able to compare these figures with one another some standard 
is therefore again necessary. We have thought it wiser to take again 
the total hemoglobin as that standard, although we have evidence that 
some is destroyed by the spleen and therefore that our calculations 
must be in some degree inaccurate. Still, acting upon this assumption, 
the error will in all cases be in the direction of under-estimation. 

In Table VIIL. the figures thus reduced are given and the further 
correction for the hemoglobin in the serum is made, so that the figures 
given in Column IV. express the percentage of the total hemoglobin 
which is dissolved in the serum. To these is added in Column VI. the 
hemoglobin values of the corpuscles, calculated in the manner already 
described for the liver experiments. In Table IX. an exactly similar 
series of figures is given for the control experiments. 

A study of these Tables brings out the following facts: 

(1) The spleen destroyed some of the red corpuscles in all 
experiments. 

(2) In all, the amount of hsemoglobin i in the serum was iene. 

(3) The hemoglobin value of the corpuscles was always higher 
after perfusion. 

(4) There was a very considerable destruction of leucocytes. 
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Taste VIII. Spleen perfusions ; hemoglobin reduced to 100. 


I II IV VI VII 
exp. in the serum leucocytes corps. yed corps. destroyed 


ao 


80°00 
17°78 


82°29 
79°41 
115°7 
113°5 
79°12 
77°59 
83°23 


{ 83°30 
80°00 


78°96 


0°449 
1°759 


0°454 


0°882 
3°189 
0°844 
2°824 


1071 


3°364 
0°450 
1°194 


6286 
5288 


11760 
10650 


14940 
14380 


9293 
8660 


5235 
4718 


1°21 

1°21 
0°857 
0°853 
1°253 
1°253 
1°18 

1:16 

1°244 
1°248 


0590 


In the control experiments it is seen, that there is again some 
destruction of red corpuscles and of leucocytes, but in both instances— 
particularly in respect to the leucocytes—the destruction is very much 
less. A further very important difference is, that in the controls, with — 
the exception of one experiment, the hemoglobin value of the corpuscles 
remains unaltered, and in the one case in which a change is found, the 
hemoglobin value has gone down. This is the only instance in which 
such a result has been observed and we are therefore inclined to think 


| Taste IX. Control perfusions ; hemoglobin reduced to 100. 
that there may be some error in the original figures. 
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From these results it can therefore be concluded that the spleen 
can destroy red corpuscles, and further, that it picks out the corpuscles 
poor in hemoglobin. This conclusion is also confirmed by an examina- 
tion of the spleen, but as it was not possible to determine the iron 
quantitatively in the organ before perfusion, this estimation is omitted 
altogether. Histological examination after perfusion, when the organ 
had been fixed with alcoholic ammonium-sulphide, showed a fairly 
considerable number of black granules i in the cells, but we were not 
able positively to identify the cells in which these granules were 
mainly located. The figures obtained before and after perfusion in 
the spleen experiments are much more comparable than those of the 
liver experiments, because in the former there is practically no loss 
of blood, and the only source of error therefore lies in the amount 
of hzmoglobin destroyed by the spleen. ‘This, judging from the iron 
reaction given, is probably quite small, a conclusion which is further 
strengthened by an examination of Columns VI. and VIL, Table VIII. 
The calculated hzmoglobin values of the destroyed corpuscles vary 
considerably, but in all instances the percentage destroyed is found 
to be small and moreover agrees very closely with the deficit of cor- 
puscles seen in Column II. In all probability, too, the full corrections 
which would be introduced if we could determine the actual amount. 
of hemoglobin taken away by the spleen would not very materially 
increase these figures. We may conclude therefore that the number 
of red corpuscles destroyed by the spleen during its artificial perfusion 
is approximately 5 °/,. 

When, in the next. place, we turn our attention to the leucocytes 
the difference is seen to be most marked. In all the experiments the 
destruction is considerable, and in some it even amounts to two-thirds 
of the original number. From microscopical preparations of the blood 
stained to show the varieties of corpuscles, it was evident that the 
-polymorphonuclear cells were the ones that had been mainly destroyed. 
These were found in all stages of disintegration, and were often 
represented by fragments only, so that the microscopic appearance of 
the blood after perfusion was most characteristic. The lymphocytes were 
apparently unaffected in number, so that if the spleen produces these 
corpuscles it must also destroy them at approximately the same rate. 

This very marked activity of the spleen accords with other points 
that have long been known, such as the fact that the organ is especially 
rich in nitrogenous extractives, e.g. uric acid and the purin bases, and 
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that the spleen pulp is able in “surviving” experiments to convert 
certain of the purin bases into uric acid. 

I must take this opportunity of expressing my thanks to Dr Brodie, 
at whose suggestion the work was undertaken, for much help during the 
course of these investigations, and for performing the operations in many 
of the liver experiments and in all the spleen perfusions'. 


CONCLUSIONS. 


1. In a series of survival experiments on the liver and spleen it is 
shown that these organs retain the power of destroying the red and 
white corpuscles of the blood. : 

2. The action of the liver is mainly one upon the red corpuscles. 

3. This hemolytic action chiefly affects the cells poor in hemo- 
globin, a fact proved by the increased hemoglobin value of the 
corpuscles after perfusion. 

4. Of the hemoglobin set free, most is retained by the liver and 
further destroyed, since 

(a) The loosely combined iron of the liver, as determined by the 
ammonium-sulphide test, is largely increased after perfusion ; ; 

pet The amount of iron in the dried liver rises from 0° ee 
0°26°/,; and 

(c) The liver secretes a considerable quantity of bile, rich in 
pigment, during the course of the experiment. 

5. The main action of the spleen is upon the leucocytes, which are 
largely destroyed by it during an artificial perfusion. 

6. The variety of corpuscle chiefly destroyed is the polymorpho- 
nuclear leucocyte. 

7. The spleen in addition destroys a small percentage of red 
corpuscles, since their numbers are diminished, their hemoglobin value 
is increased, and loosely combined iron is found in the perfused spleen 
in rather greater quantity than in normal spleens. 
| 8. In these survival experiments on the spleen the nerves retain 

their excitability for a very considerable time after removal of the organ — 
from the body. 


1 Towards the expenses incurred in these ee 
the Government Grant Committee of the Royal Society. 
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POIKILOTHERMISM IN RABIES. By J. 0. WAKELIN. 
BARRATT, M.D., BSc. (Lonp.). (Four Figures in Text.) 


(From the Bacteriological Department, Jenner Institute of 
Preventive Medicine.) 


It has long been known that in animals suffering from rabies the body 
temperature, which is usually described as being slightly raised towards 
the end of the incubation period, subsequently becomes subnormal. No 
mention, however, appears to have been made of the fact that rabbits at 
the close of the disease are poikilothermic, the body becoming cold and 
the rectal temperature during the last twenty-four hours of life being 
within a few degrees of the room temperature. In order to obtain 
precise data concerning this failure of thermotaxis, the observations 
about to be described, made upon ten rabbits suffering from rabies, 
were undertaken. | 
Temperature. The rabbits whose (rectal) temperature was studied 

- were inoculated intracerebrally with ‘ virus fixe.’ During the incubation 
period, which lasted for seven to eight days, the animals’ temperatures 
(Tables I. and II. and Diagrams A, B, C, D) ranged between 38°6°C. 
and 41°C. The normal temperature range of the rabbit is 37°3°C. to 
39°9° C. according to Hale White (72 observations on 27 animals) and 
38°0° C, to 39°5° C. according to Obernier?’, while M.S. Pembrey gives 
37°0° C. to 40°8° C. (81 observations on 10 animals). As already 
mentioned, a slight rise of temperature is described as taking place 
towards the end of the incubation period’, Diagrams A and B exhibit 
a higher temperature towards the close of the incubation period ; this 
however is not clearly shown in Diagrams C and D. On the ninth day‘ 


1 This research was conducted under a studentship of the Jenner Institute. 

* Quoted by M. 8. Pembrey, “On animal heat,” Schéfer’s Text Book of Physiology, 
1. p. 790. 1898. | 

’ Cp. Marie, La Rage, Paris, 1902, p. 37. In the case of the dog the rise of tempera- 
ture is described as amounting to several tenths of a degree (p. 27). 
: * As the inoculations were made in the middle of the day, the evening temperature of 

each period of 24 hours is recorded first in the Diagrams and Tables. 
24—2 
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the temperature of these animals began to fall, declining as much as 
4°C. On the tenth day a further decline of 3°C. to 9°C. occurred. 
_ During the eleventh day a fall of 6° C. to 15°5° C. took place, so that at 
the end of the eleventh day the animals’ temperatures were within 2° C. 
of the room temperature. The death of the animals occurred at or 
shortly after the end of the eleventh day. It will be seen that the chief 


DiaGRAM A, 
| lst 2nd 3rd 4th Sth 6th 7th 8th 9th 10th 12th 
Dy EMEMEMEMEMEMEMEMEMEMEMEM 
wo 
35°C 
~ 
30°C 
\ 
25°C 
20°C — 
15°C 
incubation period 
DraGRAM B 
lst 2nd 3rd 4th Sth 6th 7th 8th 9th 10th 
DyEMEMEMEMEMEMEMEMEMEMEM 
40°C 
35°C 
30°C \ 
25°C 
20°C 
15°C 


fall of temperature is during the tenth and eleventh days and corresponds 
to the stage of complete paralysis when the animal lies helpless on one 
side. During the last twenty-four hours of life the temperature of the 
animals A, B, C lay within 5°C. of the room temperature. No less than 
three animals were observed to live as long as twelve hours with a 
temperature of 20°5°C. to 185°C. At these temperatures the animal 
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feels cold, and thus is in striking contrast to a normal rabbit which 

ordinarily feels comfortably warm. Notwithstanding the low tempera- 
+ ture respiration continues, the heart-beat can usually be felt, and a 
| corneal reflex is obtainable, though the animal lies otherwise motionless 
and unconscious at the bottom of the cage, quite limp and apparently 
anesthetic, giving no response to ordinary painful stimuli. If the skin 
is cut sometimes no movement is made, sometimes a slow flexion or 
extension of the hind or front limbs may occur after a pause. 


DraGRAM 

Ist 2nd 3rd 4th Sth Gth 7th 29th 10th Ilith 
Day EMEMEMEMEMEMEMEMEMEMEM 
40°C — 
35°C 
30°C 
25°C 
20°C 


Respiration. The ordinary respiration rate when the rabbit is 
quiet in the cage appears to be about 80 per minute, and the same 
rate is usually observed during the incubation period, though an 
increased rate is sometimes noted towards the end of this period. 


| a 
Diracram C, 
Ist 2nd 3rd 4th Sth Gth 7th 8th Oth 10th Lith 12th 3 
Dy EMEMEMEMEMEMEMEMEMEMEMEM 
wol 
| 
incubation period paral 3 
complete} 3 
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At the onset of rabies the respiration rate presents no - constant 
change. During the 10th and 11th days, and occasionally on the 9th 
day also, a lowering of the respiration rate occurs (Tables I. and II.), 
and as the body temperature approximates to that of the room the 
respirations usually become very few per minute and correspondingly 


I. 
Rabbit 4 Rabbit B 
Day after | T. of room jj T. of rectum | Resp. rate| Pulse rate | T. of rectum | Resp. rate| Pulse rate 
ERE MM E M E M E M E M E M E M 
Ist 17°8 89°3 72 160 39°4 76 144 
2nd 17°8 17°2139°4 40°0| 70 66 | 160 1221893 40:1 | 76 122 
8rd — 178) — 386|— — 1623] — 3887|— 80|— 152 
4th 18°2 19°4988°9 38°38) 66 64 150 15843889 72 721152 160 
5th 18°9 1781396 40°3| 58 62 | 144 1221396 40°4/| 64 80/162 152 
6th 178 1733401 40°6) 74 162 1641403 84 78/170 162 
7th 17°2 1833402 40°7| 70 62 152 1444402 78 80/152 148 
8th 178 20°0§40°7 886) 72 56 | 142 1524410 89°4/| 76 158 
20°1 20513383 3860) 96 48 | 150 1684 39°3 352) 76 72/110 164 
10th 19°6 19°3984:1 42 36) 112 1201811 260) 62 40/110 100 
llth 19°2 19°4928'1 22°5| 36 34 100 844221 195| 40 20| 30 — 
12th 189 20°5 19 30 
Incubation period 7 days. Incubation period 8 days. 
Death at end of 114 days. Death at end of 11 days. 
II. 
Rabbit C Rabbit D 
Day after | T. of room § T. of rectum | Resp. rate| Pulse rate | T. of rectum | Resp. rate| Palse rate 
E M E MiEM| B&B E M 
Ist 172 96 160 90 120 
2nd 3893) 80 76 150 16413890 393 80 82/142 140 
3rd 178 200139°7 389°3| 80 72 | 164 1644 389°6. 39-1 | 84 84/140 160 
4th 20°0 20°5139°3 389°6| 84 88 | 150 1581 89°4 40°7 | 88 100 | 152 156 
5th 19° 1983396 88 90 | 142 1524408 89-7 | 92 88/152 152 
6th 19°2 19°4989°7 40°1| 88 112 | 144 18213899 40°3 | 82 76/152 140 
7th 18°9 17°33 40°4 40°3 100 | 156 1584 40°4 40°3 100 64/162 160 
8th 17°38 1891402 40°6/| 96 76 | 152 1684 40:1 39°0 100 84/160 186 
9th 19°4 18°3189°9 388°8/| 48 50/160 16043883 3882) 88 80/180 110 
10th 19°4 19°4339°0 35°0| 40 60 | 150 14033882 33 60 40/142 132 
llth 18°56 18343272 40 100 46126 195 86 24 100 
12th 18°3 192 16 80 
Incubation period 7 days. Incubation period 7 days. 
Death at end of 114 days. Death at end of 11 days. 
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shallow. In the Tables respiration rates of 19, 20, and 16 per minute 
are recorded. When the rate is lowered, the respirations may be very 
infrequent. In two animals at temperatures of 21°C. (temperature of 
room 19°C.) and 19°C, (temperature of room 17°5° C.) respectively, the 
breathing was so shallow and infrequent that for some time it was 
doubtful if the animal was alive, and the point was settled only after 
prolonged observation; another animal was sent up as dead, and was 
regarded as being so until a slight costo-abdominal inspiratory move- 


ment was observed, followed thirty seconds later by a second, attended 


by a widening of the anterior nares. In all three animals a corneal 


reflex could not be demonstrated. Although respiration usually 


becomes slow and shallow towards the end of the disease, occasionally 
it is well maintained (50 to 60 per minute) during the greater part 
of the last day. In one rabbit the respirations were 40 per minute, 
and were easily observed when the animal had a temperature of 21°C. 
about four hours before death. 

During the last twenty-four hours of the illness the respirations 
become frequently, if not generally, irregular in point of time and force, 


_ especially so just before the close of life. Occasionally the respirations 


are arranged in groups separated by pauses, but the grouping is very 
irregular so that no very close resemblance to Cheyne-Stokes 
breathing is observed. On one occasion pauses exceeding a minute 
were noted. Owing to their shallowness’ the respiratory movements 
are usually observed with difficulty when the rate is much diminished. 

Heart rate. The heart rate, which is readily ascertained by 
palpating the chest, varies during the incubation period from 140 to 
180 per minute, not differing markedly from that of normal rabbits. 
As soon as the animal becomes paralysed the heart rate becomes 
lessened, the diminution being generally observable on the 10th day 
and considerable on the 11th. Shortly before death the rate may be 
20 to 60 per minute (cp. Tables I. and II.). Slight irregularity was 
occasionally observed. As the rate is diminished the force of the 


cardiac movements is much reduced and the heart-beats may become 


impalpable. 

It may be added that at the end of the 11th day the blood-pressure 
is low and the volume of blood appears considerably diminished. Thus — 
on dividing the common carotid artery only a feeble trickling of badly 
oxygenated blood occurs, perhaps amounting to no more than 8 c.c. 
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It is evident from the above account that the terminal stage of 
rabies in rabbits presents in some of its aspects considerable resemblance 
to the condition of hibernation’ and still more to that of ether narcosis’. 


SUMMARY. 


1. In the terminal stage of rabies in rabbits poikilothermism 
occurs, the mechanism of heat-regulation being paralysed. 


2. During this stage the respiration rate and the heart rate are 
retarded. | 


1 Cp. Pembrey and Pitts. This Journal, xxrv. p. 805. 1899; Pembrey. This 
Journal, xxvn. p. 66. 1901. 
? Sutherland Simpson. This Journal, xxvut. 1902, (Proc. Physiol. Soc, xxxvii.) 
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THE INFLUENCE OF -ABLATION OF THE LIVER 
ON THE SUGAR CONTENTS OF THE BLOOD. 
By F. W. PAVY, MD., LL.D, F-RS, anv R. L. SIAU. 


(From the Conjoint Laboratories of the R. C. of Physicians, 
London, and the R. C. of: Surgeons, England.) | 


It has been asserted that when the liver is cut off from the circulation, 
the sugar of the blood disappears. 

The first experiments were by Bock and Hoffmann” (1874), who 
state that after ligaturing and plugging the vessels in such a way as to 
shut off the liver from the circulation the amount of sugar in the blood 
quickly fell and in three-quarters of an hour had disappeared. These 
_ observers took only small quantities of blood (3°5—4°5 c.c.) for analysis, 
and adopted a method of procedure for the determination of the sugar 
that would not now be regarded as permissible. | 

Minkowski® (1886) excluded the liver from the circulation in 
geese, where the vascular arrangement permits of the portal vein being 
tied without blockage of the blood-flow through the intestine, and 
_ states that the blood afterwards contained at the most only traces of 
sugar. In his process of analysis the proteids of the blood were precipi- 
tated by heat after dilution and acidification with acetic acid. This 
method has since been shown by Schenck® and others to be attended 
with an extensive loss of sugar. | 

Seegen in 1890 published the results of three experiments on 
dogs in which the circulation was restricted exclusively to the anterior 
part of the body by ligaturing the aorta and vena cava above the 
diaphragm through openings made into the chest. Life was maintained 
by the performance of artificial respiration. Blood was withdrawn from 
the carotid at the beginning of the experiment and again when the 
blood-pressure had fallen to a point indicating the approach of death. 
In Exp. I. his initial figures were 1:46 °/,, with 0°4°/,. 70 minutes later. 
In Exp. II. 1:36 °/, with 0°67 °/,, 30 minutes afterwards. In Exp. III. 
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23 °/ with 1°6°/,, 40 minutes afterwards, and 1°2°/,, after a further 
20 minutes. 

Schenck” (1894) experimented upon rabbits and tied a ligature 
completely round the base of the liver. In this operation he must have 
stopped the circulation through the vena cava as well as the portal vein, 
and with the arteries left open a great amount of stagnant blood from 
venous congestion would follow. He found a fall.of sugar of about 

0°3 in 10 to 15 minutes, 

Tang! and Harley’s® experiments are quoted in this connexion, 
but as only certain arteries were tied and the circulation through 
the liver only partially cut off they need not here be further 
referred to. 

Kaufmann” (1894) repeated Seegen’s experiment and in the one 
instance given found a fall of sugar from 1:2 to 0°5 °/, in 70 minutes, 
In 1896 Kaufmann made a further series® of experiments in which he 
resorted to the ablation of the abdominal viscera and liver. As this is 
the mode of procedure which has been adopted by ourselves these | 
experiments will be referred to later on. 

Kausch® in 1897 operated like Minkowski on geese and found 
that after 5 hours the sugar had fallen to about half the normal quantity, 
which he gives as 1°4°/., and that after 8 to 9 hours the CuO reducing 
power stood equivalent to 0°4°/, of sugar, but he says that he failed in 
his endeavours to obtain an osazone. 

Experimental. In our first experiments the effect was ascertained 
of the removal of the stomach and intestine with the pancreas and spleen, 
which involved cutting off the supply of blood to the liver but otherwise 
the liver was left intact. 

In these experiments cats were used. The anesthetic employed 
was in all cases A.c.E. The abdomen having been opened the rectum 
was divided between ligatures, The inferior and superior mesenteric 
arteries and the cceliac axis were ligatured and divided in turn, as were 
also all the connexions with the portal fissure of the liver. Stout 
ligatures were passed round the cardiac end of the stomach and after- 
wards the stomach, intestine, pancreas and spleen removed. The opera- 
tion is unattended with loss of blood and does not take more than 20 to 
30 minutes for its completion. The abdomen was lightly packed with 
wadding wrung out in warm normal salt solution and the incision 
closed. To obviate subsequent fall of temperature the operation was 
conducted on a hot table and a layer of wadding was used to cover over — 
the animal. After the lapse of an hour the heart was incised and blood 
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collected for analysis. The method of analysis adopted was that already 
described in this Journal ™, 

Two experiments were performed and the amount of sugar found 3 in 
the heart blood taken at the end of the hour was respectively 1°52 °/4 
and 2°54°/. In each case the liver was observed to present the waxy- 
yellow, ‘bloodless appearance described by Bock and Hoffmann as 
having been noticed-in their experiments. 

Thus, under the mode of experimenting adopted, the sugar found 
exceeded the amount normally present in blood. It is hard to realise 
that the circumstances would permit of a communication taking place 
between the liver and the circulation to account for the results obtained, 
but at the same time other experimentalists, with the exception of 
Tang! and Harley, have found that without the removal of the liver, 
or the blockage of the cava above it, no fall of sugar takes place. In 
order to test the point a solution of methylene blue was in Exp. II. 
injected into the aorta shortly after the death of the animal, and it was 
observed that some had passed into the liver. 

We must not omit to take into consideration in connexion with the 
matter before us that the liver with the stoppage of the circulation 

through it will be placed in a similar position to that existing after death 
in relation to sugar, and that a little escape from it will suffice to pro- 
duce a marked effect upon the blood. 

In our next experiments we removed the liver as well as the other 
abdominal viscera. At the time of doing so we had not seen any account 
of Kaufmann’s experiments, but it must be stated that he anticipated 
us in the experimental method adopted. His list however only contains 
one experiment upon a previously normal animal. In this a fall of 
sugar from 1°3 °/,. to 0°5 °/,, is represented as having occurred in 44 hours. 

After the operation above described for the removal of the stomach, 
intestine, pancreas, and spleen had been completed, the liver was excised 
in the following manner. The lobes were successively drawn forward 
and ligatures placed around them close against their attachment to the 
diaphragm. They were then cut away as closely as possible to the 
ligature. No difficulty is experienced until the lobes which partially 
encircle the vena cava are reached, and here unless careful attention is 
given the cava is liable to be included in the ligature and the flow 
through it stopped, a mishap that should not be allowed to occur. It 
is impossible to effect an absolutely complete removal of the liver, but if 
the operation is properly performed the amount of liver found post- 
mortem to have remained ——— is exceedingly small. 
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The operation occupies about half-an-hour and is well borne by dogs, 
which usually survive for at least four hours. The blood-pressure, which 
is at first high, gradually falls and may be taken as the best index of the 
animal’s condition. Respiration is as a rule normal until about the last 
hour of life when it assumes in most cases a well-marked Cheyne- — 
Stokes character. After the second hour from the excision of the liver 
the animal passes usually into a state of quiet coma, in which it remains 
till shortly before death, when convulsive muscular twitchings often 
set in. 

The first experiment was performed upon a cat, and it was found 
that one hour after the excision of the liver the blood sugar stood at 
0°56 °/ In the subsequent experiments dogs were used so as to permit 

of blood being taken at the completion of the operation and at various 
times later. About 35 c.c. was the quantity removed for each exami- — 
nation and it was drawn from the carotid. 
The following is a tabular representation of the results obtained 
from four experiments. | 


Blood sugar 
Time of collection of blood per 1000 

Exp. I. Immediately after removal of viscera 0°87 
liver 0°91 
30 minutes 0°61 
60 ” ” ” ” — 053 
90 ” ” ” 0°50 
Exp. II. 10 minutes after removal of liver | 1°41 
105 ” ” ” ” 0°60 
- Exp. ITI. Immediately after removal of liver 1-40 
35 minutes __,, 1-32 
70 ” 1-03 
100 ” ” ” ” 0°82 
Exp, IV. Immediately after removal of liver 1-23 
60 minutes , 0°69 
34 hours ” ” 0-44 


In each of these experiments a progressive fall of sugar is noticeable. 
It is also noticeable that the fall is of very variable extent in different 
experiments, in some being notable and in others comparatively 
insignificant. The rate of fall is likewise very variable, all that can 
be said on this point being that the fall is much greater at the 
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beginning than later on. In no instance are the figures lower than 
0°44°/,,, and these are presented for blood collected 34 hours after the 
removal of the liver. We may mention that, in an instance, with a 
lapse of 64 hours from the removal of the liver, contained in a series 
of experiments in connexion with the action of phloridzin, to be 
hereafter published, the sugar in the blood was found not to have 
fallen below 0°47 °/,. 

In all the experiments except the first the liquid that remained 
after the CuO reducing power had been determined was concentrated 
to a few cc. and treated with phenylhydrazine and acetic acid. In 
every case crystals presenting all the appearances of glucosazone formed 
in the hot liquid, but necessarily in too small a quantity for any 
attempt at their identification to be made. In Exp. IV. the extract 
of blood collected at the end of the experiment was also tested for 
glycuronic acid with orcin and hydrochloric acid, but with a negative 
result. 

There are writers who look upon the fall of blood sugar observed 
in these experiments as due to the necessity existing of meeting the 
demands of the system for energy production. They regard sugar as 
the main, if not the essential factor in the production of energy for the 
maintenance of life. Seegen is one who speaks “ of sugar as the most 
important, if not the only, source of the energy of the body, and assigns 
to the liver the office of producing a constant supply, which it derives 
not from glycogen but from proteid and fat.” With extirpation of 
the liver the supply is of necessity cut off, and the contents of the 
blood have to suffice for meeting the requirements existing during the 
continuance of life. For the maintenance of life the expenditure of 
a given amount of energy is needed, and from the known energy- 
producing value of sugar calculation enables it to be ascertained if 
the sugar that disappears from the blood is adequate to supply what 
is wanted. 

The energy expended by a dog at rest has been shown by Rubner™ 
to be 0°98 kilo-calorie per kilo weight per hour. This would require 
for its production 0°249 grm. of dextrose. Approximately we may 
put the expenditure at 1 kilo-calorie per kilo weight per hour, and the 
amount of dextrose required to meet this at 0°250 grm. 

Reckoning the amount of blood in the dog as +, of the weight of © 
the animal, 80 c.c. may be taken as representing the amount of blood 
per kilo body weight. The loss of sugar occurring in the blood is 
expressed in parts per 1000 in the experimental figures given above. 
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To bring this loss per 1000 of blood into loss in milligrams per kilo 


body weight, it suffices to multiply by 80, 80 c.c. being the quantity | 


of blood taken as belonging to each kilo of body weight. 

If now we start with 0°250 grm. of dextrose per kilo body weight 
per hour as the requirement to meet the energy expended during the 
continuance of life, we are in a position from such 9 standard of 
comparison to appraise the value of the energy-producing capacity 
of the sugar lost.in the several experiments. 

In Exp. I. the loss amounted to 24 mgrms. in 30 minutes, 30 mgrms. 
in 60 minutes, and 33 mgrms. in 90 minutes, which is at the rate 
respectively of 48, 30, and 22 mgrms. per hour. 

In Exp. II. the loss was 60 mgrms. in 75 minutes, and 65 mgrms. 
in 105 minutes, which stand at the rate of 48 and 37 mgrms. per hour. 

In Exp. III. there was a loss of 6 mgrms. in 35 minutes, 30 mgrms. 
in 70 minutes, and 46 mgrms. in 100 minutes. These figures give the 
rates of 12, 26, and 28 mgrms. per hour. 

In Exp. IV. 43 mgrms. were lost in 60 minutes, and 63 mgrms. in 
34 hours. The rates per hour were therefore 43 and 18 mgrms. 

Looking at the figures belonging to these experiments the least 
loss is seen to stand at 12 mgrms. per kilo per hour, whilst the greatest 
loss is 48 mgrms., or approximately one-fifth of the quantity estimated 
to be needed. 

A review of the experimental results obtained by others shows that 
in no instance was there found anything approaching the loss required 
to meet the specified demand. The greatest loss represented is in one 
of Seegen’s experiments, where for the 30 minutes’ duration it stood 
at the rate of 112 mgrms. per kilo per hour. The least loss is 
13 mgrms. in one of Kaufmann’s experiments and closely approxi- 

mating this is 14 mgrms., the loss found by Kausch as the mean per 
hour for 4 hours in a series of experiments on — 


CONCLUSIONS. 


The much-quoted statement of Bock and Hoffmann, that on 
shutting off the liver from the circulation the sugar quickly falls and 
disappears altogether within ? of an hour, stands at variance with later 
observation. 

Our own results agree with those of recent observers in ccailins 
that even after the lapse of some hours the lowest point reached by 


the sugar is about 0°5°/,. They also show a great irregularity in the 
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amount of fall in different experiments and much variation in the rate 
of fall at different periods of an experiment. 

The quantity of sugar lost, looked at as a source of energy, is too 
insignificant to have from this point of view any physiological import. 
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THE INFLUENCE OF COMPRESSED AIR AND OXYGEN 
ON THE GASES OF THE BLOOD. By LEONARD 
HILL, MB, an MACLEOD, M.B., Mackinnon 
Scholar of the Royal Society. 


The method of research. The animals used for this investigation 
were eight dogs and two cats.. They were anesthetised with ether 
and chloroform, and received an injection of morphia. 

A large pressure chamber was placed at our use by Messrs Sieber 
and Gorman who, by their unequalled experience in submarine engineer- 
ing, were able to afford us most valuable help. The chamber was 
supplied with a glass window, lit with electric light, and connected with 
an air pump driven by a gas engine. By means of this pump we were 
able to raise the pressure to +7 atm. in 45 minutes. The chamber was 
provided with a large exit tube, and another of the size of a pin-hole. 
By the large tube the chamber could be decompressed in 30—60 secs., 
by the small tube in 2 hours. By a third tube the chamber could be 
connected with a large cylinder of Brin’s oxygen. The cylinder 
contained sufficient oxygen to raise the chamber to +64 atm. A 
fourth tube was connected with the cannula placed in the carotid 
artery of the animal. All these tubes were provided with air-tight 
taps. 

The blood samples were collected by connecting the fourth tube 
with the evacuated blood receiver. The pressure in the chamber 
expelled the blood and overcame any difficulty due to clotting. The 
gases were evacuated with the Hill gas-pump, and the Hb*/, of the 
blood samples were determined by the Haldane-Gowers hemoglobino- 
meter. 

The analyses of the gases were carried out by the potash and pyro- 
gallic acid method, and the results Snes to 0°C. and 760 mm. are 
given in the following table. 

The results are divided into four groups. 


(1) Effects obtained by prolonged exposures to 6—7 atm. air. 
(2) Effects of decompression. 
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(3) Effects of exposure to compressed oxygen. 

(4) Effects firstly of compressed air and then of compressed oxygen. 

The points which we have attempted to ascertain are three. — | 

(1) Do the gases in solution in the blood vary according to 
Dalton’s law ? | : 

(2) How long must an animal be kept under a given pressure for 
the blood to become saturated with gas at that pressure ? 

(3) Is the amount of CO, in the blood depressed as it is in the 
expired air by partial pressures of oxygen of and greater than 100 °/, atm.? 


(1) The percentage of nitrogen actually found is given in column 7 
of the table, and the amount calculated according to Dalton’s law in 
column 9. The calculations in col. 9 are based on the assumption that 
1'8°/, N is dissolved in the blood at 0°C. and 760mm. The right 
amount is probably about 1°5 °/,, but all blood pumps, owing to unavoid- 
able errors, generally raise the percentage to about 2°/,. Our normal 
nitrogen results have in this series varied from 1°46 to 2°6. 1°8°/, is 
therefore a fair figure to select for the above calculation. It wil] be seen 
from the figures in columns 7 and 9 and experiments 1, 2, 3, 4, 9, 10 
that the blood does not even in one hour take up its full 
quantum of nitrogen. In 14 hours the full amount is taken up. 
With the above results we contrast some of those obtained by Paul 
Bert on 5 dogs exposed to air pressures in a manner similar to our 
experiments. Bert apparently slowly raised the pressure, and drew 
off successive samples so soon as the different pressures were reached. 
He did not maintain the animals for a long time at a uniform pressure 
as we have done. . Thus at 3.21 p.m. he drew off a sample at 2 atm., at 
3.48 p.m. one at 5 atm., at 4.35 p.m. one at 74 atm. 

We have in the last column of Bert’s table calculated the nitrogen 
which should be absorbed on the 1°8°/, scale if Dalton’s law were 
fulfilled. Bert’s results show as clearly as ours that the blood does not 
at once take up the nitrogen according to Dalton’slaw. Carvallo in his 
article Barométrique (Richet’s Dict. de Physiol. 11.) after analysing Bert’s 
results concludes that the pulmonary ‘epithelium by some ‘glandular 
power’ hinders the passage of the compressed gas, and he compares 
- Bert's results with those put forward by Bohr concerning the 
respiratory exchange of gases, Our results on the contrary seem to 
prove that the whole question is one of time. The process of saturation 


' Exp. cixxxu. p. 658, La Pression Barométrique. Paris, 1878. 
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of the tissues is a long one, and the arterial blood in its passage 
through the lungs does not receive nitrogen fast enough to saturate it 
fully. The arterial blood will of course become saturated before the tissues. 


Table of Paul Bert's results at similar pressures, — 
from 
353 22 # +0 54 
477 2% +0 200 422 44 8 5-4 
23 +0 206 405 64 5 90 
228 5Ol 28 +0 239 852 60 #5 9°0 
5 


202 871 +418 +0 237 855 67 99 
853 22 +0 27 856 81 6 «. 108 
184 477 #25 +0 M0 443 «Tl 675 1256 
183 3871 22 +0 
28 501 “28 +0 24 876 95 8 14°4 


On inquiry we find our results explain the methods of working 
which have been empirically established by deep-sea divers. These 
men never work at depths much above 100 ft. (4—5 atm.) for longer 
shifts than 15—20 minutes, the more prudent taking about the same 
time for the descent and ascent. For the sinking of the piles for the 
Saint Louis Bridge the pressure employed in the caissons equalled 
41 atm. Cases of ‘bends’ and paralysis were at first frequent but 
became less and less as the shifts were reduced from 4 to 3 to 2 and 
finally to 1 hour. Visitors and the men who worked the air locks and 
who were only exposed for a few minutes to the pressure were never 
affected. On the other hand the doctor in charge who once stayed 
down 2# hours suffered from a dangerous attack after decompression. 

To avoid gas embolism on decompression the shifts must be 
short, so that the body does not become saturated, and the period of 
decompression must be long so that the gas in solution may gradually 
escape. | 
If the blood of a small dog weighing 5 kilos takes 14 hours to 
become fully saturated, it must surely take longer for a man, for, 
since the rate of respiratory exchange is much more rapid in the small 
than in the large animal, the area of the pulmonic capillaries in pro- 


portion to mass of body is probably greater in the smaller animal. 


With regard to oxygen the results obtained with compressed air are 
inconclusive. The animals were morphinised, and in consequence the 
respiratory centre was depressed. Thus our oxygen results in the 
ordinary air pressure were often low and the hemoglobin not saturated. 
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L~ The theoretical amount of oxygen which the blood could take up in 


solution at 7 atm. is only 1°75 °/,, a figure which falls within the errors 
of experiment, for we have to consider not only the errors of gas 
analysis but also the errors of the hemoglobinometer and of our 
calculations which depend on the readings of the latter instrument. 
The assumption that 100°/, Hb equals a capacity of 20°/, O, may not 
hold good for each individual animal. For example in experiment 1, 
22°/, was the amount found, and this was the figure obtained by Pfliiger 
with his large vacuum pump. Paul Bert obtained an increase in 
oxygen but by no means in proportion to the pressure used, He states 
that he has even obtained a greater percentage of oxygen from a — 
normal animal than from another exposed to 10 atm. air. In experi- 
ment 9 we likewise find 17°4°/, O, with + 100 lbs. air pressure, while in 
experiment 1 we have 22°55 °/, O, with +0 pressure. When individual 
variations are so great no conclusions can be drawn. It is however 
clear that the gas which is of importance in the production of gas- 
embolism, during or after decompression, is not oxygen but nitrogen. 
The CO, is neither uniformly increased nor decreased by exposure of the 
animal to compressed air, and our results agree in this respect with 
those of Paul Bert. ma 

(2) The second group of experiments (Nos. 4 and 5) shows no 
positive evidence of excess of nitrogen in the arterial blood even on very 
rapid decompression. We have always found that gas bubbles occupy 
the venous system after rapid decompression, and it is not to be expected 
that this gas would reach the arteries after the passage of the blood 
through the right heart and lungs. We have attempted but failed 
to obtain samples of blood from the vena cava superior under like 
conditions. 

(3) Included in the third group (te. where high oxygen pressures 
_ were used) are Exps. 6, 7,8. These experiments (together with Exps. 9 
and 10) were undertaken partly in order to control our results relating 
to the solution of gas in the plasma, and partly to ascertain whether 
any toxic action of oxygen could be detected. An indication of this 
latter point would be an increase or diminution in the carbon dioxide 
content of the blood, or a depression in the oxygen-combining power 
of hemoglobin. 

With regard to the first of these questions, viz. the solution of 
oxygen in the plasma, it will be seen that our results are quite con- 
firmatory of those relating to nitrogen, namely, that a certain amount 
of the oxygen goes into solution in the plasma. In column 4 is given 
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the amount of O, which we suppose the hemoglobin could, if saturated 
with the gas, take up; in éolumn 8 the amount of oxygen which the 
plasma should theoretically take up at different pressures, and in 
- column 10 the dissolved oxygen. This is obtained by deducting the 
value in column 4 from the amount of QO, actually found in the blood 
which is given incolumn 6. In making the calculation we have assumed 
that the hemoglobin is saturated with O; (1.e. that it can take up 
20 vols. per cent.). 

In Exp. 9 after 40 min. only half the amount which theoretically 
should have been in solution was found on analysis, while the full 
quantum was found after 1 hr. 35 min. exposure. The saturation with 
oxygen, just as with nitrogen, seems to take time, but finally Dalton’s 
law is fulfilled. 

The second result of these experiments is the diminution in carbon 
dioxide gas which the Exps. 6, 7, 8 and 9 show under high oxygen 

pressures. This is especially evident in Exp. 6 where the CO, fell after 
3} hrs. from 38°16 to 29°91. The result, so far as it goes, is of im- 
portance in connexion with the cause of the diminution of the CO, in 
the expired air under increased oxygen pressures. This diminution in 
the CO, of the expired air might conceivably be due to one of two 
causes, to some impediment to the excretion of CO, from the blood in 
the lungs, in which case the CO, content of the blood would rise, or 
to diminished oxidation in the tissues, in which case it would fall. 

Our present results would so far tend to point to the latter as the 
more probable condition. __ 

With the further investigation of this question we are at present 
occupied, and point to the few experiments here recorded simply as 
indicating what may be expected to result from our further researches 
on this subject. 

(4) The experiments included in the fourth group (i.e. in which the 
animal after being for some time under high air pressures, was decom- 
pressed and then subjected to several atmospheres pressure of oxygen) 
were devised in order to test the accuracy of the experiments included 
in the previous groups. They are two in number, viz. 8 and 9. They 
in every way corroborate our results, and, as they have already been 
alluded to, a further discussion of them will be unnecessary. 


The experiments have been carried out with the help of grants from the 
Royal Society Government Grant and from the British Medical Association. 
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THE TIME RELATIONS OF THE PHOTO-ELECTRIC 
CHANGES IN THE EYEBALL OF THE FROG. By 
FRANCIS GOTCH, M.A., D.Sc. (Oxon.), F.R.S., Professor of 
Physiology, University of Oaford. (With Eleven Figures in Text.) 


THE photo-electrical changes in the excised eyeball of the frog have 
been investigated by a large number of physiologists, the most recent - 
work on the subject being that of Waller’. The most interesting and 
fundamental problem in connexion with the electrical changes produced 
by the action of light is undoubtedly that of their source, but a question 
of primary importance and one which must throw light on this problem 
is that of the time relations of the photo-electric changes. At present 
this question of the time relations appears to be an extremely open 
one; thus the delay between illumination and eyeball effect is according 
to Waller one of seconds, according to Dewar and McKendrick one 
of a few hundredths of a second*, and according to Fuchs only from 
Of a second*. These discrepancies are due to the 
impossibility of regarding the movement of a galvanometer needle as 
a record of the time relations of the changes which have produced 
such movement, and Waller himself recognised this in the published 
account of his galvanometer observations. As regards the determina- 
_ tion made by Fuchs, a method was employed which, although valuable 
for nerve and muscle, appears to be singularly inappropriate for the 
investigation of eyeball effects, and involves two sources of fallacy so 
grave that his results are deprived of all value as regards this particular 
quéstion of the time relations of the eyeball changes. The method 
used by Fuchs was a sparking rheotome; each revolution of the 
rheotome disc caused a spark in front of the eyeball or retina, and also 
connected the tissue with a galvanometer for a definite small period 
of time; the rate of rotation of the rheotome was from 4 to 2 per 
second, and the rotation was continued from 12 to 15 times with the 


1 Waller. Phil. Trans. 198, B, p. 123, London, 1900. 
2 Trans. R. 8. Edinburgh, 1878, p. 141. 
8 Archiv f. d. ges. Physiol. uv1. p. 408, 1894. 
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* galvanometer contacts in any given position. The fallacies alluded to 
as incidental to the employment of this method will be obvious when 
it-is realised that this method presupposes the photo-electric changes 
to be of short duration, like those of muscle and nerve, whilst it 
assumes that in a succession of rapid brief illuminations the same 
photo-electric effect is produced by each member of the series. As a 
matter of fact the photo-electric changes are not of the same order 
as the excitatory effects in muscle and nerve, and being of long duration 
extend over the rotation time of the rheotome, whilst they are pro- 
foundly influenced by previous illumination, so that with a series of 
sparks there would cease to be a correspondence of result. The 
algebraic sum of the complicated changes due to the persistence of 
previously evoked effects, blended with the alteration through previous 
illumination, is what Fuchs observed; this forms no guide to the time 
relations of any given photo-electric change, and hence the results 
detailed by Fuchs do not in any sense portray the time relations of this 
change as produced by a given illumination, 

It appears therefore that no exact knowledge of the time relations 
of the photo-electric changes in the eyeball at present exists, and it 
was particularly gratifying under these circumstances to find that the | 
very sensitive capillary electrometer used by me in Oxford, when highly 
magnified, gave appreciable and in many cases very distinct records 
of the changes. Many of these records have been analysed by myself 
and furnish a history of the photo-electric changes in the excised eyeball 
of the frog. 

. At the outset of the investigation I had the valuable help of 
Mr G. J. Burch, who unfortunately was unable to do more than 
assist me in starting the work. He was able, however, to design a 
very important accessory to the investigation, namely, an additional 
motor for driving the photographic plate on which the image of the 
mercurial meniscus of the electrometer was projected. This additional 
motor allowed of a movement of the plate at any desired rate between 
_ 30 centimetres per second and 1 centimetre in 10 seconds. It is in 
construction a modification of the hydraulic motor previously designed 
by Burch, with the substitution of oil for water. Mr Burch has 
.described it for me as follows: “The motor consists of a piston working 
in a vertical cylinder filled with heavy oil. In the piston head are 
two valves adjustable -by screws, one large, to allow the piston to be — 


1G. J, Burch. The Electrician, 1896. 
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drawn up rapidly, the other small, with a long conical plug to regulate 
the velocity of its descent. The piston is forced down by heavy weights 
attached to it by wires, which are also connected with a cross bar 
screwed to the arm of the balanced pendulum which carries the 
photographic plate. When therefore the piston descends the pendulum 
holding the plate carrier is drawn across the slit of the projection 
apparatus with a perfectly smooth and sufficiently uniform motion.” 
The pendulum in its passage across the slit opened in succession 
two mercurial keys; each of these keys formed part of a battery circuit 
which comprised the bobbin of a strong and quick-acting electro- 


magnet. Each of the electro-magnets when the currents were closed _ 


held armatures hinged on axes and furnished with light wings so 
as to form shutters. By means of strong springs the armatures with 
the shutters were, on the opening of the mercurial keys, drawn rapidly 
across an aperture situated outside the photographic chamber, and 
arranged so as to allow light to enter the special dark box containing 
the frog’s eyeball. The first key released an armature with a shutter 
of such shape and position that it opened up a path for the light, the 
second key released an armature with a shutter of such shape and 


position that it shut off the light. It was also possible to arrange ~ 


either shutter so that it acted like the rapid drop shutter of an ordinary 


_ photographic camera, and thus allowed a flash of light to traverse the : 


aperture and fall on the eyeball. 

In the earliest experiments the release of the keys was marked on 
the plate by means of additional electro-magnetic signals, but this 
method was discarded in all the subsequent work, and a device adopted 
whereby the light used for stimulating the eyeball was itself allowed to 
reach the travelling plate, and thus the record comprised the onset, 
duration, and cessation of the actual light which produced the 
photo-electric effects. 

The whole arrangement is shown in Fig. 1: the light used was that 
of an electric arc, so toned down as to be not too powerful : it was found 
that a paraffin lamp gave similar results, but since the electric light 
was necessary for the projection of the capillary meniscus it seemed 
desirable that this should be the source of the whole illumination. 
As will be seen from Fig. 1, a portion (Z) of the arc lamp light (A) 
is by reflection from suitably arranged mirrors (M), or. by prisms, sent 

through the shutters (S,, 8,), worked by electro-magnets through the keys 
(K,, K;); the beam is now diverted into two paths. One of these passes 


into the eye chambers (F, #), and so illuminates the excised eye (Z), the 
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other passes into a tunnel'in the photographic chamber wall (D) and 
finally falling on the lower portion of the slit (0) illuminates the image 
of the mercury of the capillary upon the plate (P). The eyeball is 
placed in a carefully screened double chamber having a small glass top 
(G) through which light reaches it when the shutters allow the light to 
traverse the aperture ; no light from any other source can enter the 
eye chamber. A vibrating steel rod (7') between the upper part of the 


_ sfit and the plate gives known time oscillations on each travelling plate; 


the plate itself moves on the upper arm of the pendulum around the 


_ axis (X) past the slit: and the lower arm by means of the mercurial 


pools (K,, K,) actuates the movements of. the shutters. By this 


arrangement a portion of the actual light illuminating the eyeball falls 
on the plate, and its incidence, duration, and cessation are photographed 
underneath the recorded level of the capillary meniscus. 

A brief statement will suffice for the mode of preparation and 
arrangement of the eyeball. The eyeball of the frog previously kept in 
the dark for 24 hours or so was excised in a dimly lit room, this 
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operation being rapidly effected; it was then transferred to the 
chamber H and placed so that its posterior wall (fundus) rested on the 
top of a kaolin pad moistened with 0°6°/, NaCl, this pad having been 
previously ascertained to occupy a position in the chamber such that if 
the shutters are open it is illuminated. A ring of thread moistened 
with saline was now placed around the outer margin of the cornea and 
connected with a second kaolin pad; the two pads were associated with 
non-polarisable electrodes and these with the capillary electrometef. 
By means of the outer chamber H the inner chamber F containing the 
preparation could be kept at a constant temperature, the outer chamber 
being packed with ice, or with water at any desired temperature. On 
illumination light fell upon the cornea and thus traversed the eyeball. 


The general character of the observed effects. 


The freshly excised eyeball when connected with the electrometer 
by two contacts, one around the external margin of the cornea, the other 
on the fundus, z.e. the retinal aspect, gives the familiar eyeball resting 
effect ; the character of this effect is such as to indicate that a current 
passes through the eyeball from the fundus to the cornea: the fundus is 
thus, as regards the cornea, electro-positive, and this direction being 
familiarly termed positive the resting difference will be signified by the 
term “positive” or the sign (+) in this communication. The arrange- 
ment as regards the electrometer was such that the corneal contact was 
always connected with the mercury of the capillary, the fundus contact 
with that of the acid, hence the resting eyeball effect caused a displace- 
ment of the mercury in the capillary towards the acid and its reversed 
image on the plate would move upwards. Before making any further 
experiments the amount of this resting difference was determined by 
simply allowing a plate to travel at a slow rate and then during its 
transit throwing in the connexion with the eyeball. It was found that 
the amount was extremely variable, even, in frogs of. the same sex, size, 
etc., kept as far as possible under similar conditions and prepared as far 
as possible in the same way. Great care was taken not to handle 
the eyeball or squeeze it in any way, and it thus appears that the 
difference, although connected with the eyeball condition, is dependent 
upon certain at present indeterminate factors. The question of the 
factors producing the resting difference will form the subject of another 
communication, and all that can be said at this juncture is to draw 
attention to the following instances of the amount of the difference, and 
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to emphasise the importance of the statement that a variety of factors, 
optic nerve section, muscular tissue, cornea, etc. must contribute to its 
production. The amounts noted in freshly excised eyeballs comprise 


among others the following, arranged in order of magnitude and in 
fractions of a volt ; 


+ 0095 ; + 009 ; + 0085 ; + 008 ; + 0077 ; + 006; +004; +003; + 002. 


Of these the most frequent were + 008, and + 003, the former generally 
giving good photo-electric effects, the latter poor ones. Two remarkable 
instances occurred of reversed differences, one very considerable — 008, 
another small — 002; in spite of this these eyeballs gave normal 
photo-electric effects which as regards both their character and their 
time relations were indistinguishable from those given by the other 
eyeballs. 

On illumination an electrical change occurs, the photo-clectrio 
response. If the illumination is sufficiently prolonged (several seconds) 
this shows itself by a definite displacement of the mercury in the 
same direction as the normal + resting difference, t.e. in all cases the 
fundus of the eyeball becomes as regards the cornea electro-positive and 
a current of photo-chemical origin flows through the eyeball from the 
retinal to the corneal aspect. This effect, whether the movement of the 
capillary is observed or is photographed, is aerenely civiaee into three 
portions: , 

(I) The first portion is the rise due to the sudden illumination ; 
this I propose for brevity to term the ON effect. 

(II) The second portion is the continudus change occurring during 
the continuance of the illumination. — 

(III) The third or terminal portion is a second rise due to the 
sudden change from light to darkness ; this I propose ag brevity to 
term the OFF effect. 

The general character of these tive enon) is roughly indicated 
by galvanometric observations; but I convinced myself by using the 
galvanometer side by side with the capillary that the galvanometer did 
not give a faithful picture of the effects although it showed their 
presence. In Fig. 2 a record is given in facsimile of the capillary 
displacement. The upper part of the record contains the vibrations of 
the time-marker, each double vibration being jth (0°2) second. In this, 
as in all subsequent records, the record is to be read from left to right 
as indicated by the arrow on the lower edge of the print. The lighter 
and lower portion of the photograph is that part shaded by the image | 
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of the mercurial column; upon this image the light traversing the 
shutters was cast, its incidence, duration, and cessation are plainly | 


Fig. 2. 


shown by the broad black stripe. The rise of the mercury in conse- 
quence of the light is in this instance extremely well marked, there is 
an initial ON effect, a prolonged continuous one, and a marked eta 
effect. 

The duration of the eyeball illumination was in this instance 
7 seconds, as can be ascertained from the time trace, and the upward 
movement of the image of the mercury indicates a positive (+) change 
in the eyeball in the ON continuous and OFF reactions. Such records 
as these admit of analysis without which their value would be greatly 
lessened. “In order to determine the £.M.F. corresponding with the 
various levels assumed by the meniscus, the radius vector and the 
corresponding subnormal for any given point ‘of the curve were 
ascertained ; the subnormal was then multiplied by a factor directly 
propobional to the velocity of the plate at that point and added to the 
E.M.F, indicated by the radius vector. In the case of nerve records 
when the velocity of the plate is necessarily very fast, this factor lies 
between 6 and 8; for the eyeball photographs the much slower velocity 
reduced the factor to from 0°25 in the fastest to 0°03 in the slowest 
movements. The velocity at any point was found by measuring the 
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length of a vibration of the time-marker upon the plate at the desired 

instant. Adopting this plan I have analysed some 40 of the 200 

photographic records which I now possess of photo-electric changes, and 

by comparing the analyses from different rates have satisfied myself as | 
to the accuracy of this method of analysis, which we owe to Burch. 

The plotted curve in Fig. 3 gives the result of the analysis of the record 

shown in the photograph of which Fig. 2 is a reproduction. 

This deduced curve (Fig. 3) shows ; (1) that the ON effect does not 
commence at the moment of illumination, which latter starts at the 
point marked 0; the delay is considerable, being about +8; to 4, second; 
the maximum, in this instance ‘0063 volt, occurs at a point ;, second 
after the illumination commenced, and the effect’ then subsides until: 
1'5 seconds; (2) that the subsidence, having reached a level of ‘0045 volt, 
is checked and a continuous effect is present during the continuance of 
the illumination, this effect is not necessarily steady and in the present 
instance gradually increases until by the end of the illumination (7 seconds) 
it has reached ‘0065 volt ; (3) that on the cessation of the illumination 
at 7 seconds, after a delay of about ;45, second an OFF effect occurs 
which is characterised by its considerable rise and by being super- 
imposed upon the remains of the continuous one, in this instance the 
OFF effect is very marked and in 5 seconds has, when summed with 
its predecessor, raised the total photo-electric change to over ‘0015 volt, 
it then slowly subsides as indicated in the curve. In this as in all 
subsequent curves showing the results of analysis, the duration of 
illumination is indicated by the thick black line underneath the base 
line. The foregoing record and its analysis afford good illustrations of 
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the largest photo-electric effects which I have at present obtained, but ; 
although large it should be remembered that as compared with the 4 
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E.M.F. of the changes in nerve and muscle they are very insignificant, 
amounting to only +,th of those in nerve and y, of those in muscle. 
In order to obtain evidence of their occurrence, and particularly of the 
occurrence of the much smaller photo-electric effects which are 
produced in many eyeballs, it is necessary not only to employ an 
extremely sensitive capillary electrometer but to utilise a projection 
system of high magnification; in the present research the electrometer 
was extremely sensitive, and was magnified by projecting 4 feet through 
a Leitz Pantochromatic 3 mm. objective. 


.. The time relations of the photo-electric effect produced by illumination. 
I. The ON Effect. 


The time relations of the ON effect produced by sudden illumination 
could only be: satisfactorily determined by analysing a number of records 
obtained with a faster rate of plate velocity; this embraced the initial, 
ON effect only, it being found impracticable to obtain suitable records 
of all the various effects, ON, continuous, and OFF, on the same fast 
plate for reasons which will appear later. Rates of movement of from 
10 centimetres to 5 centimetres per second were employed for this 
purpose; in some cases the opening shutter was released by a special 
signal key worked by the mercurial one attached to the pendulum 
carrying the plate. The ON effect was obtained both with light which 
was allowed to remain on the eyeball during the whole périod of plate 
transit, thus producing a further continuous effect, and with a flash, the 
duration of which was recorded by various means. 

The first and most striking feature of the ON effect is the very 
- appreciable delay which occurs whether the eye is exposed to a flash or 
to a more prolonged illumination. This delay is slightly modified by 
temperature, as is indicated in the subjoined table. It is present 
in every case and varies between a minimum of 0” 16 and a maximum 
in the cooled eyeball of 03. 

As the photo-electric changes appear to be considerably slowed 
in eyeballs kept in salt solution or left for 3 or 4 hours, these’ are 
excluded from the table, which deals only with freshly excised eyeballs. 
The influence of temperature was imperfectly studied, and such 
temperatures as are indicated were the only ones used; the object 
aimed at was to secure a given uniform temperature rather than a series 
of different ones. 
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‘Temp. 16°C. Temp. 17°C. Temp. 12°C. Temp. 8°C, Temp. 22°C. 


0” 16 0”-27 O17 
0”°18 0’ 21 016 
0”-18 0”°17 0” 22 0” 

0" 22 0”-29 

0”"18 


Average 0’185 | Average 0”-175| Average 0-21 | Average 0”-25 | Average 0-17 


It would be presumptuous in the light of our imperfect experimental 
knowledge to speculate upon the nature of this delay, but it appears 
to me at any rate certain that the factors concerned in the production 
of the photo-electric effect observed in the excised frog’s eyeball cannot 
be of a nervous type. | 

The delay in the excitatory processes of nerve is due entirely to 
propagation, and is only in this connexion reckoned by one or two 
thousandths of a second; the photo-electric change is of an entirely 
different order. This will be made still clearer by examining the time 
relations of the development of the ON effect. Before passing to this 
it may be observed parenthetically that no eyeball, whether freshly 
excised or kept for 5 hours in salt solution, has given an effect which 
has a longer delay than 0°35 seconds; in sume of these the change 
developes more slowly, but careful examination of the records always 
shows a commencement within or about this point of time. So far 
therefore the electrometer results do not confirm Waller’s observations 
upon the galvanometric effects in which he has noted a delay of from 
3 to 5 or even 7 seconds. On the other hand, a careful examination 
of the records with a lens shows that just before the obvious ON (+) 
effect, there is in some cases a very slight dip in the curve indicating 
a (—) effect of short duration immediately ‘preceding the main (+ ) 
one ; this confirms Waller’s initial hesitation in the records furnished 
by photographing the galvanometric excursions. It is possible that 
a more extended inquiry may reveal some means of making this 


1 See Waller. Phil. Trans. 198, B, p. 148, London, 1900. 
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hesitation more obvious on the electrometer records, and that the delay 
in the main ( + ) effect may be thus increased. 

As regards the development of the ON effect this varies in differ- 
ent eyeballs more than the delay both as to the maximum E£,M.F. 
attained, and as to the time occupied before the change has reached © 
this maximum. In all ‘cases, however, it is found that if the illumina- | 
tion is sustained, then the development takes a longer time to reach 
the maximum extent of E.M.F. than it does if the stimulating light 
is a short flash of from zs4;5 to z%,9 second duration. The contrast be- 
tween the development in the two cases, that is between the development . 
of the change with continuous and with flash illumination, is extremely 
well shown in Fig. 4, which gives two pairs of analyses of records, Each 
pair comprises analyses of photographic records obtained on one eyeball, — 
but the upper pair is that of records upon a more rapidly moving plate 
than the lower one. The light was let in by a signal key, and the time 
is marked from the release of this; the shutter itself took about ~3,ths 
of a second to move into a suitable position for the light, and this has 
to be subtracted from the time scale throughout. The curves show 
extremely well that the ON effect commences at the same moment 
(018 after the light), whether the stimulating light is a flash of 006” — 
or is sustained for 5 seconds, these being the illumination periods in the 
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particular instances now given. Their real interest lies however in the 
comparison which they afford of the development of the ON change 
under these two conditions. 


x 
4 
4 
» 
‘ 


ELECTRIC CHANGES IN EYEBALL. 399 


It is seen that the flash effect takes from 3, to 4, of a second to 
reach its maximum of about 0005 volt, whereas the sustained light 
__ effect developes from its start more rapidly, and has reached this level 
of ‘0005 volt in a little over jth second from its start; it then developes 
more slowly and does not attain its maximum of 001 volt until about 
#5 second after its first appearance. This result is obtained with all 
freshly excised eyeballs, whether they react vigorously or feebly to light, 
and is of great interest. It shows that continuous illumination evokes 
@ summation of photo-electric changes and that this summation com- 
mences with the first appearance of the change, 1.e. the rise from the — 
start is of a more rapid type than can be obtained with a flash. 

_ A second extremely important point which such analysed records 
bring out is the slow subsidence of the flash effect. The full significance 
of this will be better realised after the consideration of the OFF effect, 
but it is obvious from the records of which Fig. 4 is a typical example 
_ that whatever the process may be which is the source in the eye of the | 
. light effect, this process is one which takes far longer to disappear 
than it does to appear, since with a flash the photo-electric effect reaches 
a maximum in at most ,f, second after light illumination, whereas 
it takes several seconds to subside. As far asI can judge from my 
present records this slow subsidence is more characteristic of the freshly 
excised than it is of the kept eyeball. 

A third point of some interest is the irregular character of the 
_ subsidence as seen in the lower flash effect in Fig..4; this however is 
not confined to photo-electric changes since it is apparent in the subsi-. 
dence of nerve and muscle demarcation. effects, anodal after-effects etc. 

It is, however, quite possPble that it may be an indication of some 
sustained photo-electric change produced by the absence of light since it 
is often very marked in the case of the OFF effect, which is aroused by 
light cessation and which subsides in this irregular manner. Such slow 
perturbations are still more frequent in the case of the continuous 
change due to the persistence of light, which will be now briefly 
referred to. 


II. The Continuous Effect. 


During the persistence of illumination the subsidence of the ON 
effect is. checked and usually suffers, as has just been stated, a series 
of perturbations. These are not shown in all records of freshly excised 
eyeballs, and as far as my present experience goes they are more 

PH. XXIX. 26 


~ 
ig 
hs 
i 
a 
a 
ong 
j 


400 F. GOTCH. 


pronounced in those eyeballs which react to light vigorously than in 
those which react more feebly. 

A good illustration of their occurrence is shown in Fig. 5, which is 
sufficiently explanatory without any detailed description. It gives the 
analyses of photographic records obtained, the upper one with light 
of nearly 6 seconds duration, the lower one with light of 5 seconds 
duration. In order to compare these perturbations with those occurring 


during the subsidence of the flash effect a flash effect curve is put me 


under the uppermost analysis. It is evident that the sustained light 


has in these cases produced a complex photo-electric change and the 
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perturbations undoubtedly support the views advanced by Waller as 
to the double nature of the processes which occur in the eyeball in 
consequence of light. It would however appear that ‘such double 
nature must on similar grounds be extended to the processes occurring 


in the eyeball in consequence of the absence of light, 1. during 
darkness. 


Itl. The OFF Effect. 


The most startling of the photo-electric changes in the eye is 
undoubtedly that which occurs on the cessation of light, and which 


_ for brevity I term the light off or more tersely the OFF effect. That 


light should produce a photo-electric change of a given type is to be 
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expected since the eye is framed to react to light rays, but that a 
change of the same type should be also produced by darkness, 1.¢. the 
absence of light, is remarkable from every point of view. 

The OFF effect is however not only an undoubted phenomenon, 
but one which may in the normal freshly excised eyeball be more 
striking than the ON effect due to illumination. Every fresh eyeball 
reacting vigorously to light will, when the light lasts an adequate 
time (over 6 seconds) or has been repeated en often at short 
intervals, give a marked OFF effect. 

Such a marked OFF effect can be recorded on a moderately fast 
rate of the pendulum, if arrangements are made so that the light is 
put on before the pendulum motor is started, and- the pendulum motor 
released 15 to 20 seconds later; the passage of the pendulum with the 
plate is now arranged so as to only close the light shutter, and to do 
this when the image of the mercury falls on the exposed plate; the 
curve of the OFF effect is thus obtained. The two prints marked Fig. 6, 
and given on the left-hand of the full-page illustration, are reduced 
reproductions of photographs upon this faster rate of pendulum. These 
two prints, one above, the other below, are typical examples of ON and 
OFF effects. The upper one is an ON effect, the time of the stimulating 
light being indicated by the left-hand edge of the dark band below, 
the time vibrations, each full double one being ith second, are given 
above, and the level of the meniscus is the intermediate line; the 
lower one is an OFF effect in the same eyeball at the same temperature, 
the light is shown on the extreme left lower end, and its cessation is 
the edge of the dark band, the time is as before on the upper margin, 
and the level of the mercurial meniscus is intermediate. In both 
cases the rise of the mercury is quite perceptible. 

The OFF effect resembles the ON effect in character, being a 
positive (+) change ; it also exhibits an appreciable delay and developes 
comparatively slowly. A careful study of the time relations reveals 
however some noteworthy differences between those of the ON and 
OFF effects; these will appear on consideration of the time measure- 
ments which are now to be referred to in connexion with the delay 
and the rate of development of the OFF change. A further obvious 
difference between the two changes is that whereas the ON effect does 
not subside below a certain level but is sustained by the continuous 
action of the light, the OFF effect always subsides although the eyeball 
is subjected to the continuous action of darkness. Reference to 
Figs. 3, 5, will show this obvious point. : | 

26 —2 
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The delay in the OFF effect has been carefully measured in a 
number of instances with eyeballs at given temperatures, and the 
subjoined table allows of a comparison with that previously given in | 
connexion with the ON effect. | 


Delay in photo-electric OFF effect. Freshly excised eyeball. 
Temp. 16°C. Temp. 17°C. Temp. 12°C. Temp. 8°C, Temp. 22° C. 
0”-18 0” 15. 

0:2 
0°17 0” 22 
0-19 
. Average . Average Average — A e 
OF F 0”°15 OFF OFF 0”-15 O 
Average ON | Average ON | Average ON Average ON 
effect 0-185 | effect 0-175 | effect effect 


It is evident that the OFF effect delay, although of the same order 
as that of the ON effect, namely a little under two-tenths of a second, 
is yet a little less than this. The difference is shown by the averages, 
but in addition I have convinced myself, by examining ON and OFF 
effects recorded on each slow moving plate, that in no instance ‘is the 
OFF delay greater than the ON, and that in by far the greater number 
of these records the OFF delay can even on these slow moving plates 
be seen to be less when suitably examined with a micrometer scale. 
I have little doubt therefore that the OFF delay, although of the 
same general type as that of the ON, is really not quite so prolonged. 
It occurred to me that possibly my closing shutter did not work as 
accurately as my opening one, but reversing the shutters made no 
difference to the result, and the further consideration of the development 
of the OFF effect led me to believe that the above disparity in the 
time relations is a genuine indication of a more rapid development in 
the OFF photo-electric change of the eyeball. 

The time relations of the development of the light OFF effect are, 
like those of the light ON effect, variable ; this is because the maximum 
reached is conditioned not merely by the reaction capacity of the 
eyeball and the vigour of the froy, but more immediately by the 
duration of the illumination which has directly preceded the light OFF 
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stimulus, and which, as will be shown later, is potent in determining its 
efficiency. | 

It thus follows that OFF effects may be recorded which reach a 
lower or a higher maximum than the corresponding light ON ones. It 
appears, however, that whether large or small the OFF effect in any 
fresh eyeball developes more rapidly than the corresponding light ON 
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ones, In illustration of this a few curves of the plotted analyses of 
strictly comparable ON and OFF effects are given in Fig. 7. In this 
figure the upper two curves show approximately equal effects in one 
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eyeball ; the lower three show effects upon another se there being 
two OFF effects and one ON effect. 

_ As regards the upper two curves, the uppermost giving the ON 
effect, shows a delay of 0”-2 and a development which did not reach its 
maximum until 0”8. Immediately below it is the OFF effect of the 
same eyeball, an effect being obtained which like the ON attained a 
maximum of nearly ‘001 volt. This OFF effect (curve No. 2338) 
commenced much sooner at 015 after the light ceased; it developed 
more rapidly, so that by 0"°3 it had reached a level of £.M.F. which the 
_ON effect did not reach until 04; it attained its maximum at it 5 

instead of the 0-8 demanded for the ON change. 
| A similar more rapid development is a marked feature of the two 
OFF effects shown in the lower group of three curves, in comparison 
with that of the ON effect which is placed between them; in this case 
the OFF effects were of greater actual magnitude than the ON effect. 

It must be remembered that the ON effects here dealt with are not 
produced by a flash but by light commencing and remaining on the eye 
for 5 seconds, the ON effects are thus summation results. This fact 
makes the magnitude and rapid development of the OFF effect still 
more remarkable, since it has been already pointed out, as shown in 

Fig. 4, that the flash ON change developes still more slowly than the 
- summated ON change and reaches a far lower magnitude. 

It thus appears that, provided the conditions are appropriate, the 
freshly excised eyeball reacts photo-electrically to the cessation of light 
more powerfully than it does to illumination by light. It would be 
unprofitable at this stage of the research to enter into any discussion as 
to the physiological bearing of this very remarkable fact, but one of the 
most striking and significant features of the OFF effect must be 
referred to, especially as the method employed (the capillary electro- 
meter) is probably. the only one which will show it. The method 
obviously allows a great range as regards duration of light exposure 
and examination of the ON and OFF effects thus evoked. If the 
exposure to light is considerable then the galvanometric indications of 
both effects are visible, but as the exposure is shortened in time these 
effects must obviously produce a summed result as regards the 
“movement of the galvanometer needle. With the capillary electro- 


meter, however, it is possible to observe even faint indications of any 


OFF effect and thus to determine the period of time after illumination 
at which cessation of light is able to evoke an OFF response. It is 
further possible by altering this duration period to observe the 
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character of such OFF effects as occur and to compare these with one 
another. 

In order to indicate the character of the results obtained in this 
way, facsimile reproductions of four plates are given in Figs. 8 and 9 — 
of the full-page illustration, these being the records obtained in one 
eyeball with light of such varying duration as is indicated on each 
of the separate prints. 

In Fig. 8 the upper print (marked A) shows on a comparatively 
slow rate the whole series of photo-electric changes, the ON effect, the 
continuous sustained effect and the OFF effect; the light, indicated by 
the dark band, was allowed to affect the eye for 7 seconds. The lower 
print B shows the photo-electric changes when this same light, as 
indicated by the dark band, lasted for only 4 seconds ; it is evident that 
the OFF effect is perceptibly smaller. 

In Fig. 9 is shown in the upper print C the photo-electric change in 
the same eyeball, when the light, as indicated by the dark band, lasted 
only 14 seconds; it is evident that the OFF effect is now so reduced as 
to be scarcely perceptible. Finally the lower reproduction given in 
N° 2219 
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Fig. 10. 


Fig. 9, and marked D, shows the photo-electric change when the light 
indicated by the dark band lasted only 4 second and the OFF effect is 
now imperceptible. 
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The analyses of these curves bring out the result still more clearly ; 
the plotted curves of such analyses are shown in Fig. 10, and like the 
others are to be read from left to right, whilst the dark line below each 

set indicates the duration of the light. 
I have little doubt from an examination of all the records which I 
have hitherto obtained, that these results represent. a constant feature 
of the OFF effect, and that it is dependent for its production upon a 
previous period of sustained illumination ; as this period increases in 
duration the OFF effect becomes more pronounced. In all probability 
there is an optimum time of previous illumination, but as regards this 
my records are not sufficiently-extensive. There is certainly a minimum 
time which varies in different eyeballs; a light duration of from 4 second 
to 1 second appears to be the minimal limit in strongly reacting fresh 
eyeballs, although in more feebly acting ones it is generally a good 
deal longer; it appears also to be slightly influenced by temperature, 
being longer as the temperature is lowered. ; 
: . My first impression was that the non-appearance of the OFF effect 

_ with short light exposures was related to the circumstance that the 
immediate ON change, being present, masked any further photo-electric 
effect. Two considerations dispose of this view: first, the superposition 
of OFF effects of considerable magnitude upon rising sustained con- 
tinuous change, such as is shown in Figures 2 and 3; secondly, the fact 
that the real factor which determines the OFF effect is not the presence 
or absence of an ON one but the presence or absence of previous illu- 
mination. This is shown quite simply by making a series of short 
illuminations each from 4 second to 1 second duration. The first 
members of this series show only ON effects, as they progress OFF 
effects occur in gradually increasing magnitude. Previous illumination 
of a certain duration whether sustained or intermittent is the potent 
factor as regards the production of OFF effects. I do not propose to put 
forward such effects due to intermittent light as I have alréady obtained, 
as the experiments are still in progress and careful analysis of a number 
of appropriate records must be made in order to compare the time 
relations of the OFF effect with sustained and intermittent light re- 
spectively. The existing records appear however to show that the two 
main effects ON and OFF are in reality both conditioned by the exist- 
ence of a previous state opposed to that which evokes them. Thus the 
ON effect needs for its production by light a previous state of darkness, 
and the OFF effect needs for its production by darkness a previous state 
of light. We are, however, unable to regard the two effects as merely 
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two different aspects of one and the same chemical change, as two 
sides of the shield. The reasons for this inability are (1) that they are 
indicated by electromotive changes of the same general type (7.e. both 


_ positive or +) and (2) that they differ as regards rapidity of development. 


We cannot further regard the OFF effect as a change produced by dark- 
ness which is the counterpart to that produced by light, since the light 
effect is obviously sustained as long as the illumination lasts, whilst the 
OFF effect subsides during the subsequent darkness. It is hoped that 
future investigation may elucidate the problem — the study of the 
time relations of these two effects affords. 


CONCLUDING REMARKS. 


The research described in the foregoing pages has been confined to 
the analysis of the time relations of changes observed in the freshly 


excised eyeball of the frog. It is not desirable at this stage to speculate 


as to their source, but since the eyeball is a complex structure, involving 
an epithelial surface in the cornea, involuntary muscle in the iris, the 
lens, vitreous, retinal elements, nerve-fibres, pigment cells, sclerotic, etc., 
it may fairly be asked, what evidence is there that the changes here | 
described as produced by light are not due to alterations in a large 
number of these structures, and particularly in the cornea, iris, and lens? 

This criticism was anticipated by Kiihne and Steiner among 
others, and was met by dissecting out the fundus of the eye and then 
arranging this portion only, containing the retina, in connexion with a 
galvanometer’, Its illumination produced effects which, ceteris paribus, 
were of the same typé as those occurring in the whole eyeball. 

‘ The photo-electric changes in the whole eyeball observed in the 
capillary electrometer are undoubtedly those which all workers on the 
subject have observed with the galvanometer; it further appears that 
their source is situated in the posterior portion, 1.e. the fundus, of the 
eyeball, since on severing the eyeball through its equator I have 
succeeded in observing in the electrometer effects from the posterior 
half similar to those found in the entire eyeball; these I hope to deal 
with in a later communication, | 

Further, I find that injuring the surface of the eyeball with a red- 
hot wire does not abolish the photo-electric effects unless the point is 
applied over the posterior surface of the eyeball; then however the 


1 Kiihne und Steiner. Untersuch. a. d. Physiol. Institut Heidelberg, 8 and 4, 1880, 
1881. 
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photo-electric responses fail, although in consequence of the injury a 
considerable resting difference is produced. Finally it appeared to me 
to be of interest to determine how far the eyeball changes could be 
detected when the tissue was thoroughly soaked in atropine. I have no 
doubt that this experiment. must have been performed by previous _. 
workers in the subject but I am unable to find a reference to it; as it 
has certainly never been done with an eyeball connected with a suffi- 
ciently sensitive capillary electrometer, an analysis of the record under 
these conditions appears worthy of publication. — 

In Fig. 11 is shown such an analysis; the eyeball had been soaked 
in ‘01 °/, atropine for 34 hours, and there is little doubt that as far as 
atropine could paralyse any muscular or other structures, such 
paralysis had occurred. The photo-electrical response to light of 
64 seconds duration is obvious; it includes an ON effect, a continuous 
sustained effect, and a marked OFF effect. There is considerable — 
retardation in the development of the ON and OFF effects, but as 
this seems to occur also when the eyeball is soaked for several 
hours in normal saline (0°6°/,), it is not necessarily indicative of any 
change other than gradual failure following excision. There is one 


3 4. 5 8 9 
11. 

other point of general interest in regard to the whole investigation. 
All the records show that as regards the three main reactions, 
respectively produced by the onset, continuance, and cessation of light, 
the photo-electric effect is in each case in one and the same direction, 
i.e. all the changes are monophasic; any decline is of the nature of a 
subsidence and does not indicate a photo-electric effect of opposite sign. 
This, as in the case of the electrical organ, indicates a strictly localised 
source of origin, and thus corneal change or iris change in addition to 
that in the fundus oculi is not responsible for the effects. Moreover 
the tissue is such that the change, whatever its source, is incapable of 


being — 


SUMMARY. 


1. Records have been obtained with the capillary electrometer of 
the photo-electric changes in the eyeball of the frog; these records 
admit of analysis, and plotted curves have been framed indicating the 
time relations of such photo-electric changes. 
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2. The curves show for the first time the characters of the time 
relations. These comprise: (a) a period of delay before the change due 
to illumination occurs, varying slightly with the temperature but at 
16°C. lasting on an average 0°17 to 0°18 second; (b) a period of 
development lasting until from 0’°6 to 0:8 with persistent illumination, 
and reaching a maximum varying from 0004 volt to 001 volt; (c) a 
period of subsidence to a certain sustained level, as the light continues 
the level often showing irregular slow oscillations ; (d) a second period 
of development when the light ceases commencing 0”°15 to 0-17 after 
the cessation and developing more rapidly than the initial rise due to 
the onset of light; (e) a period of continued slow subsidence of the 
terminal effect during the darkness which succeeds the illumination. 

3. The photo-electric effect of a flash of light developes more slowly 
and attains a much lower maximum than that produced by sustained — 
illumination ; hence in the latter case the change is from the outset a 
summation of effect. 

4. The effect on the cessation of light is largely determined by the 
duration of the previous light exposure ; there is a minimal duration of 
light with which it ceases to occur, but from this point it is produced 
in increased amount as the illumination increases in duration within 
certain limits. Where the duration is optimum for the particular 
eyeball employed, the effect produced by light cessation is far more 
pronounced than any change caused by illumination. 

5. The favourable condition for obtaining an effect upon sudden 
illumination is previous darkness. ‘lhe favourable condition for 
obtaining an effect on the cessation of light is previous illumination, 
and it appears to be comparatively indifferent whether the previous 
illumination has been of a continuous or an intermittent character 
provided that its total duration exceeds the minimum mentioned in the 
preceding paragraph. aes 

6. The photo-electric changes are all of the same general type, 


giving rise to monophasic effects, and appear to be mainly, if not 


entirely, due to processes occurring in the posterior part of the eyeball, 
presumably the retinal and pigment layers. : 

7. The results appear to indicate the localisation of two photo- 
chemical substances in the posterior half of the eyeball, these being 
a substance reacting to light and a substance reacting to darkness. 
Each reaction is a change of the same type, but for the change to occur 
the eye must be previously adapted, i.e. the substances must undergo 
phases of metabolism under conditions opposite to those which evoke 
the reaction effects. 
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PRELIMINARY CONSIDERATIONS. 


IN a previous paper by Noé! Paton, Gulland and Fowler’, the re- 
lationship of the spleen to the formation of blood corpuscles was con- 
sidered and, from the experiments recorded, the conclusion was drawn 
that there is no evidence that in the dog, cat or rabbit the spleen 
has any important action as a blood-forming organ. 

We have now to consider the experimental evidence of the con- 
nexion of the spleen with the breaking down of the blood cells. 

Kélliker and Ecker appear to have been the first to describe 
a pigmentary transformation of the erythrocytes in the organ, and to 
ascribe to it a hemolytic function; and the observations of other 
investigators, ¢.g. of Reich on the spleen of the frog’, have confirmed 
the descriptions given by Kélliker. But the appearances described 
may indicate not an active destruction of erythrocytes by the spleen, 
but simply the removal of dead erythrocytes by the organ from the 
blood. This view seems to be taken by Jawein®. He describes the 
appearance in the blood of splenectomised animals of numerous micro- 


1 This Journal, xxv. p. 83. 1902. 
2 Fortsch. d, Med. No. 14, 1899; Virch. Arch. cux. p. 2. 1900. 
8 Virch. Arch. cuxt. p. 3. 1900, 


| 
iy 
ig 
AQ 
“a 
a 
uly 
la 
iy 
q 
4 


ale D. N. PATON AND A. GOODALL. 


cytes which he considers to be derived from breaking down erythrocytes. 
He further maintains that splenectomised animals show a diminished 


_ resistance to all infections and intoxications accompanied by disintegra- 


tion of erythrocytes, and believes that this is due to the other organs, 
such as the liver, bone-marrow, etc. being unable to clear the blood of 
the products of destruction of erythrocytes. He emphasises the relation- _ 
ship of the cells of the blood to the cells of the splenic pulp, as enabling 
the latter to deal with the former when they are broken down. 

Gabbi’ on the other hand maintains that the cells of the splenic 
pulp exercise a weakening influence on the power of resistance of 
normal erythrocytes ; but the experiments upon guinea-pigs upon which 


- he bases these conclusions are far from being satisfactory or convincing. — 


In the present series of experiments D. Noél Paton is responsible 
for the operations, for the estimations of erythrocytes and haemoglobin 
by Oliver’s methods; while Alexander Goodall undertook the estima- 
tions of erythrocytes and leucocytes by the Thoma-Zeiss instrument, 
the estimations of hemoglobin, by Oliver's method given along with 
these counts, the differential counts of leucocytes and the histological 
examinations of the organs. 


2. EFFECT OF REMOVAL OF THE SPLEEN ON THE NUMBER OF 
ERYTHROCYTES. 


If the spleen were an active hemolytic agent, it would be natural 


to expect that, immediately after its removal, the number of erythrocytes 


in the blood would be at least temporarily increased. The enume- 
rations recorded in our previous paper do not show such an increase, 
and hence this evidence of a hemolytic function is wanting. 


3. EFFECT OF REMOVAL OF THE SPLEEN ON THE RATE OF DIS- 
INTEGRATION OF ERYTHROCYTES ADDED TO THE BLOOD. 


Hunter, who strongly upholds the view that the spleen is an active 
hemolytic structure, says*,“ Were the spleen not present, red corpuscles 
in the process of becoming effete would remain longer in the circulation 
than they actually do,” but he gives no experimental basis for the 
statement. 

It is manifest that if the spleen performs an active réle in destroying 


- effete erythrocytes, its removal should delay the disappearance of ery- 


1 Ziegler’s Beitriige, 1996. 2 Lancet, 1892. 
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| 7 throcytes added to the blood by injecting the defibrinated blood of 

| another animal of the same species. We have tested this in dogs and 

: rabbits, by injecting considerable quantities of blood from another | 
animal of the same species and then determining the erythrocytes and 
estimating the hemoglobin until these had again regained their — | 
level. 


Exp, I. Two pups of the same litter, one of which, A, had the spleen 

» removed on Feb, 24th, weighed 4 2980 grms. and B 2980 grms. on March 18th. 
On March 19th each had 70 ¢.c. of defibrinated dog’s blood injected into the 

jugular vein. Erythrocytes and hemoglobin were determined by Oliver's 
method. This and the other experiments were performed in full anzsthesia. 


A B 
Erythrocytes Hb. Erythrocytes b. 
10. 3 90 75 90 - 70 
19. 3 90 70+ 90 70 
Injected 
20. 3 120 95 110 90 
23. 3 110 90 110 95 
27. 3 100 80 105 80 + * 
30. 3 100 80 105 90 
84 90 70 95 80 
Exp. II. Two rabbits, weighing A 1000 grms. and B 890 grms., had 
A 25 c.c, and B 22 c.c. defibrinated rabbit's blood in the jugular vein on 
Jan. 13th. A had the spleen removed on Nov. 29th preceding. 
A B 
Day Erythrocytes Hb. Erythrocytes Hb. 
8.1 80. 60 100 80 
13. 1 80 65 100 80 
Injected 
16. 1 105 90 105 90 
20. 1 105 90 105 90» 
23. 1 100 85 105 90 
28. 1 90 70 90 80 
10. 2 80 65 80 65 
On the 12th each got another 20 c.c. of defibrinated blood. 
15. 2 100 80 100 80 
24. 2 90 75 90 TO: 
26. 2 90 70 95 75 


* Throughout these tables + means a little more than, and — a little less than the 
number. 
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On the 28th B appeared ill and dyspneic. Both were killed. Some 
straw was found in the trachea of B. In A a small piece of spleen about the 
_ size of a split pea was found, which contained abundant brown granules and 
stained deeply with ammonium sulphide. In B the spleen was full of brown 
granules and stained deeply with ammonium sulphide. 


Exp. III. Two rabbits, weighing A 1035 grms. and B 960 grms., were 
used. A was splenectomised, and, 13 days afterwards, 30 c.c. of defibrinated 
blood from a healthy rabbit was injected into the jugular of each. | 


| A B 

Day. Erythrocytes Hb. Erythrocytes Hb. 
2nd after operation 80 65 80 70 
8th -s 90 75 85 70 
9th si 90 75 80 70 
13th » Blood injected 
5 days after 120 100 110 90 
Pore 110 90 100 85 
_atae 110 90 95 75 
110 90 100 80 
a 100 80 90 70 
eee” 95 75 80 70 
90 70 80 65 


These rabbits were afterwards put on a rice diet in order to produce an 
anemia, but the erythrocytes and hemoglobin showed no diminution. They 
were killed 44 days after the injection. About 0°2 grm. of spleen was found 
in A, The spleen of B was not rich in iron, 


Since the completion of these experiments Lapicque' has recorded 
a series of similar experiments on dogs, which in his hands gave 
the same results as were obtained by us. : 


4. EFFECT OF REMOVAL OF THE SPLEEN ON THE ACTION 
OF HZMOLYTICS., | 


It is from evidence derived from experiments of this nature that 
Hunter chiefly bases his contention that the spleen is an active 
destroyer of erythrocytes. His experiments were chiefly made with 
toluylendiamine, and he attempts to show that this substance does ‘not 
act directly upon the corpuscles, but indirectly by stimulating a hemo- 
lytic action of the spleen. 


1 (, R. de la Soc. de Biol. uav. No. 26, p. 949. 1902. 
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In studying the effect of substances which lead to a diminution in 
the erythrocytes, and which are therefore commonly classed together 
as hemolytics, it is necessary to recognise the fact that they act in very 
different ways. 

(1) The true hemolytic agents, of which distilled water, glycerine, 
and the salts of the bile acids may be taken as types, act by dissolving 
the pigment out of the erythrocytes, and — free the hemoglobin 
in the plasma, . 

(2) Another series of substances, of which phenylhydrazin may 
be taken as a type, act as toxic agents on the red corpuscles, killing 
them but not leading to any liberation of hemoglobin. 

(3) According to Hunter, yet a third group exists of bodies which 
do not act directly upon the corpuscles, but which stimulate a hemo- 
lytic action of the spleen. This view we shall consider later. 

With the first group of hemolytics we have not made many obser- 
vations, since we have found it difficult to regulate their action. While 
some rabbits tolerate the injection of considerable quantities of distilled 
water, glycerine or bile salts, others rapidly succumb. Even a very 
small fall in the number of erythrocytes is accompanied by the ap- 
pearance of hemoglobin in the urine, both in normal and in splenec- 
tomised animals. Such hemolytics are not calculated to throw light 
upon the relationship of the spleen to the hemolysis which normally 
occurs in the body. 

We give the result of one experiment to show that the splenec- 
tomised and normal animals behave in exactly the same manner. 


Exp. IV. Two rabbits, each weighing 1500 grms. A splenectomised. 
B normal. Each had 30 cc. of distilled water in the jugular vein, after the 
blood had been examined on Dec, Ist. 


A B 
Erythrocytes Hb. Erythrocytes Hb, 
Ist. Dee. 100 80 
70 90 70 
8rd sy, 70 60 75 60 + 
4th ,, 75 70 
5th ,, 90 75 95 80 — 


The members of the second group produce much more interesting 
and important changes, and we have studied the action of phenyl- 
hydrazin and of toluylendiamine in some detail. = 


PH. XXIX, 
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_ A. Phenylhydrazin. The action of phenylhydrazin has been studied 
by Heinz’, and since the majority of our experiments were completed, 
he? has published an account of his investigations on the functions of 
the spleen, made with the use of this and similar bodies on guinea-pigs 
and rabbits. He concludes that, “For the course of poisoning with a 
blood-poison it makes no manifest difference whether the spleen is 
present or extirpated.” While he finds, as Paton, Gulland and 
Fowler had already found’, that the recovery from an anemia goes 
on as rapidly in animals without as in animals with the spleen. He 
describes in some rabbits, in which a very rapid breaking down of cor- 
puscles has occurred, the appearance in the spleen of little masses of 
tissues with dividing erythroblasts exactly resembling bone-marrow, and 
he considers that this indicates that, in certain conditions, the spleen 
has a hemogenetic function although this is rarely exercised. 

B. Toluylendiamine. The action of this was long ago studied by 
Stadellmann, who found that on administering it to dogs, jaundice, 
emaciation and anwmia were produced. Many observers have since 
used it. Hunter states that, “ After removal of the spleen the destruc- 
tive action of toluylendiamine on the blood of rabbits, both in small 
and medium doses is completely abolished, in large doses is much | 
diminished.” And since he was unable to detect changes in the cor- 
puscles when toluylendiamine was added to the blood, he argues that 


_ the drug acts by stimulating the hemolytic activity of the spleen. 


Our observations do not confirm those of Hunter as regards the 
absence of any direct effect of toluylendiamine on erythrocytes. Using 
the very insoluble pure toluylendiamine in ‘75 per cent. salt solution, 
no change in the erythrocytes was observed; but when using the freely 
soluble hydrochloride in 2°5 per cent. solution it was found that marked 
changes were at once produced. The erythrocytes lost their elasticity 
and tended to adhere together and slowly changed to shadows. 

Heinz‘ states that it acts on the red cells like amido-benzoic-ethyl- 
ether, producing granules (Kérnchen) and processes, and also solution of 
the hemoglobin, and thus leading to jaundice. 

Pugliese and Luzzatti’ studied the effects of poisoning with 
pyrodin and with toluylendiamine. With the latter drug they got the 


1 Ziegler’s Beitriige zur path. Anat. xxrx. p. 311 et seq. 1901. 
Virch. Arch. p. 485. 1902. 

3 This Journal, xxvimt. p. 88. 1902. 

‘ Ziegler’s Beitriige zur path. Anat. xxix. p. 808. 1901. 


5 Arch. per le scienze med. os 
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same results in splenectomised as in normal dogs, and they conclude 
that it acts as a liver poison and that the anwmia is the result of the 
absorption of bile salts produced by the jaundice. Pyrodin on the other 
hand reduced the number of erythrocytes and increased the leucocytes 
in spleenless and in normal animals, but the toxic symptoms were 
much less marked in animals deprived of their spleen. 

_ In considering the results of our investigations with these erythro- 
toxic agents we may deal with them under the following heads :— 


A. Normal animals. 
1. The blood changes. 
2. The hemolytic and regenerative changes i in ‘bh organs. 


B. A comparison of the changes found in these and in the case 
of splenectomised animals as regards the time and extent of their 
-occurrence and their general character. 


A. NORMAL ANIMALS. 


Rabbits and guinea-pigs were injected with phenylhydrazin, but 
as the changes found were practically identical, it will be sufficient 
to describe those found in the case of rabbits. The blood films for 
exumination were fixed in Gulland’s formaline-alcohol solution, and 
all were stained with eosine and methylene blue. In addition, many 
films were stained with Ehrlich’s triacid mixture and some with 


hematein and eosine which give more suitable colours for micro- 
_ photography than the others. 


I. The blood changes. 


The average dose given was in the proportion of about 3 cc. of 
a one in fifty solution for each 2000 grammes the animal weighed. 
Large doses kill the animal with the formation of a brown pigment 
in the blood resembling but not identical with met-hemoglobin and 
with hematuria. 

Tables A, B, and C give an indication of the changes shown by the 
blood corpuscles as regards their actual numbers (estimated with the 
Thoma-Zeiss instrument) and the changes in the relative numbers al 
the white _ 


27—2 


“gs 
‘al 
* 
on 
. 
fi 
5 


418 


D. N. PATON AND A, GOODALL. 


TABLE 


A. 


Exp. V. Rabbit, weighing 2300 grms., injected with 3 c.c. of 1 in 50 
solution of phenylhydrazin. 


Per cent. Per c. mm. 
Hemo- Leuco- 


globin — cytes 
80 8,800 
60 20,000 
80 26,200 
20 21,800 
17 35,800 
10 85,200 
80 28,000 
40 15,800 
60 17,200 
60 7,200 
70 8,200 
70 6,000 
80 5,400 
70 4,100 
80 7,400 
80 10,800 
90 10,200 
90 10,800 
90 10,000 


Per cent. 
Pseudo- Lym Eosino- Baso- 
eosino- philes _philes 
philes 
46 52 ya 1 
41 58 1 0 
62°5 85 © 
59 1 0 
84. 1 0 
35 61 2 1 
24 74 2 0 
34 64 2 0 
52 47 1 0 
81° 67 0 
42 56 1 1 
22 78 0 0 
62 2 0 
13 86 1 0 
19 80 1 0 
17 83 0 0 
16 80 2 2 
24 74 2 0 
80 68 1 1 
TaBLeE B. 


Perc mm. 
0 0 
0 0 
0 181 
105 294 
179 179 
910 700 
1820 560 
750 450 
255 850 
35 245 
48 112 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 


aon VI. Black rabbit, weighing 1630 grms., injected with 2 5 €.0. 
of 1 in 50 solution of phenylhydrazin. 


5120 


4600 
4160 
3200 
2110 
2740 
3450 
2340 
2200 
3910 
3090 
4600 


10,200 
19,600 
26,200 
17,800 
21,800 
24,000 
30,600 
11,400 

8,400 

7,600 
10,800 
15,800 


TABLE 


coon SBoBooo 


Exp. VII. Brown rabbit, weighing 2340 grms., eee with 3 cc, of 1 


in 50 solution of phenylhydrazin. 


Before 


© 


4560 


70 


Ss 


10,200 
24,600 
19,000 
23,800 
24,400 
24,800 
20,600 
19,200 


o 


q 

Per ¢, mm. 

q cytes 

Day 

E Before 5760 

4 l 4744 

3 2 3046 

; 8 2050 

3 4 1160 

q 5 2100 

4 6 1600 

4 7 1510 

9 2630 | 
4 11 2950 

q 12 8280 

: 13 3600 

q 14 3380 

‘ 15 4480 

I 16 4420 
18 4240 

19 4640 

21 4800 

4 Before 44 

1 44 

q 2 45 

1 3 35 8 
4 4 47 

5 41 1 
: 6 51 1 
7 53 

: 8 54 

9 57 

ll 44 

38 150 
C. 

3 32 

3040 39 

2980 87 
1780 49 
+ 1380 41 

1620 49 
a 2600 56 

2010 56 
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The tables show that the number of red cells usually falls to a 
minimum on the fourth day. Regeneration however has begun before 
this, as indicated by the presence of nucleated red cells in the 
circulating blood. Along with the fall in the number of red cells there 
is a marked increase in the number of leucocytes which reaches its 
maximum about the 5th day. 

The differential counts, as indeed we should expect, show con- 
siderable variation but we would here point out that the increase 
of white cells is rather a lymphocytosis or mixed leucocytosis than 
a pseudoeosinophile (polymorphonuclear) leucocytosis. 

The changes seen in examining the blood either fresh or in stained 
films are very striking and, both as regards extent and time of occur- 
rence, are singularly uniform. 

(a) Erythrocytes. Twenty-four hours after the intention of 
phenylhydrazin the great majority of the erythrocytes show crenation 

of their margins. They also show what appear to be necrosed areas, 
_ which appear as dark bodies sharply differentiated from the rest of the 
cell and which in stained films show a great affinity for basic as well as acid 
dyes. In shape these areas may be stellate or globular and as regards size 
they may comprise the great bulk of the cell or exist as small globules. 
While these necrosed areas give rise to a great variety of appearances they 
mainly produce two different forms of modification of the red cells, These 
are, firstly, red cells showing a dark, irregularly stellate area in their 
centre, and secondly, red cells showing a ring of small globules around 
their margins where the hemoglobin seems aggregated, leaving the rest 
of the cell pale. The globules may be extruded or broken off and are 
thus found free in the plasma; and many of the red cells are represented 
by mere shadows. 

On the second day these changes are more marked, but a‘ new 
element is now added to the blood picture. Large, oval or round 
erythrocytes which appear pale in fresh specimens and are markedly 
polychromasic in stained films are now found. Some of these megalo- 
cytes show vacuoles. As early as the second day a few normoblasts and 
megaloblasts may be seen, especially in the case of young animals. 
It may be difficult to find a healthy looking erythrocyte. On the third 
day the changes are somewhat similar, but normoblasts and megaloblasts 
can generally now be found. _ 

The blood changes are most marked from the 4th to the 7th 
day and are as follows (Fig. 1). The blood looks pale and watery but 
 coagulates readily. Rouleaux formation is absent or slight. The red 
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cells show very great alteration in size. The majority are megalocytes, 
most of which are markedly ‘polychromasic, but some of which stain 
somewhat faintly with acid dyes only. Red cells with large, central, 
stellate areas or numerous small peripheral globules which stain deeply 
with basic dyes are present in great number. Many of these pieces 
may be extruded and many pale ‘ghosts’ of red cells may be found. 
Many of the red cells show points of granular basophilic degeneration, 
and some Kichhorst’s corpuscles may generally be found. Megaloblasts 
and normoblasts are present in great numbers and free nuclei are 
frequently seen. 

From the fourth day onwards, the number of poisoned red cells 
becomes gradually less, while the number of megalocytes shows a 
corresponding increase. 

After the seventh day, healthy looking red cells again appear and 


the megalocytes diminish in number. 


After the 12th day the changes are but slight. Nucleated red 
cells have disappeared. There is some diversity in the size of the red 
cells, their average diameter being increased. There is slightly increased 
polychromasia, and many Eichhorst’s corpuscles may still be seen. 

By the 20th day the blood has regained its normal appearance. 

These changes are very fully described by Heinz in the paper 
already referred to on the action of hemolytics in different vertebrates. 
He lays great stress on the importance of examination of the blood 
in fresh specimens which may be treated with methyl-violet in saline 
solution. By this means he has not only distinguished between the 
poisoned corpuscles and the young erythrocytes added to the circulation, 
but he has made actual enumerations of each with the Thoma-Zeiss — 
hemocytometer. He concludes that the rate of regeneration of red 
blood corpuscles in the rabbit is 300,000 per day. Heinz makes no 
mention of the presence of megaloblasts in the circulating blood, 
although he distinguishes them from normoblasts in another part of his 
paper. The presence of megaloblasts is noted by Schwalbe and 
Solley', in dogs poisoned with toluylendiamine. . 

(6) Leucocytes. The numerical changes shown by the white cells 
have been referred to. A few myelocytes were occasionally noticed 
but they were never numerous. It must be remembered, however, 
that this applies merely to their relative numbers and that the increase 
in the number of the other leucocytes was at its greatest just when we 


1 Virch. Arch. 1902. 
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should have expected to find most myelocytes, In one film on the 
fifth day after injection of phénylhydrazin a few giant cells from the 
bone-marrow containing some ingested red and white cells were noticed. 
This, however, was an isolated observation. It may be that giant cells 
are more frequently present and are not noticed because they are 80. 
readily broken up. They are infrequent in bone-marrow films althongh 
they may be numerous in sections. Evidence of an enormous destruc- 
tion of leucocytes is seen. - Degenerative changes are common, such as 
faint staining of the granules, vacuolation, budding and fraying of the 
protoplasm. The number of disintegrated white cells is very great, 
and masses of spherical bodies indistinguishable from blood plates can 
be seen in great numbers. In a few cases free granules could be seen 
among these masses and we are inclined to conclude that, in the rabbit 
at least, the blood plates are derived from the disintegration of 
leucocytes. 

Schwalbe and Solley consider that the plates are derived bon 
the erythrocytes. In our experiments we found that bodies which 
could be definitely traced as derived from poisoned erythrocytes did not 
resemble blood plates in their staining reactions. _ 


Il. The hemolytic and hemogenetic changes in the organs. 


Pieces of the organs were fixed in corrosive sublimate, ten per cent. 
_formaline and in formaline (10°/,) in absolute alcohol. The latter method 
may unduly harden the tissues but has the advantage of giving rapid 
results, and is unrivalled for fixing the leucocyte granules. The stains — 
used were eosine and methylene blue. Occasionally additional sections 
were stained with hematein and eosine. For showing iron-containing 
pigment hydrochloric acid and potassium ferrocyanide with carm-alum 
as a counter-stain were employed. Macallum’ s hematoxylin method 
was not found so satisfactory. 

All the organs were examined, but indications of a relationship 
to the blood changes were found only in the liver, spleen, kidneys, lymph 
glands and ‘bone-marrow. These may first be considered and a brief 
reference may then be made to some features presented by other 
- structures but which are to be regarded as incidental, — 

1. Changes found in the liver. 

Nothing of note is found till the second day after injection. 
Distorted erythrocytes are then found in the vessels and some traces of 
iron-containing pigment may be found in the cells and between the 


4 
as 
¥ 

a 
4a 
7a 

+ 
wi 
orig 
~ 


429 D. N. PATON AND A. GOODALL. 


rows of cells near the periphery of the lobules, evidently in the 
endothelial cells of the capillaries. 

The amount of pigment gradually accumulates and is present in 
considerable quantity by the seventh day. The pigment gives the 
free-iron reaction and exists as small granules and small spherical 


bodies. 


About the seventh day the fibrous tissue between the rows of liver 
cells is occasionally stained diffusely with iron-containing pigment, 
an appearance which is much more marked in the reticulum of the 
spleen. The pigment is found at the periphery of the lobules, especially 
near the portal tracts, and is frequently in considerable quantity in the 
fibrous tissue of the tracts themselves. (Fig. 2.) 

The iron is present in great quantity on the twelfth day but there- 
after it seems to diminish. It is still found in considerable amount — 
on the twentieth day. 

By the seventh day a slight degree of fatty degeneration may occur 
but apart from the disposition of pigment there is no marked change. 

2. Changes found in the spleen. | 

The spleen on the first day may be somewhat congested and the 
pulp contains a considerable amount of granular pigment containing 
free iron. 

On the second day the changes are much more striking. The 
spleen is generally considerably congested and rows of red corpuscles 
may be seen lining the sinuses. The pulp contains great quantities 
of pigment, for the most part in the form of small rounded masses. 


_ Many of these show the iron reaction. These are evidently extracted 


from the red blood corpuscles. 

Heinz! describes and figures a remarkable condition in the spleen of 
the rabbit. He maintains that the splenic endothelium has a peculiar 
structure and a special function in taking up the necrosed portions of 
the red corpuscles. These are absorbed while still attached to the 
erythrocyte, which cannot follow. By the action of the circulation the 
red corpuscle is drawn away from the necrosed portion retained by the 
splenic endothelium and for some time it remains attached to the wall 
of the splenic sinus by its protoplasm which becomes drawn out into 
a long process. This process eventually gives way, leaving the necrosed 
part of the poisoned red cell in the splenic endothelium, while the 
remaining portion of the erythrocyte is left free to again pass into the 


1 Ziegler’s Beitriige, 1901. 
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general circulation. Heinz was unable to find any such appearances 
in any other organ and found the appearance persisted in the spleen 
even after perfusion of the vessels in narcotised animals. He does not 
consider the slowing of the circulation in the spleen enough to account 
for the appearance he depicts as he has not found it in lymph glands 
and bone-marrow. He states that the splenic endothelium cannot be 
seen where the corpuscles stick but that in other parts it is seen as 
composed of cubical or cylindrical cells with a large oval nucleus which © 
seem capable of increasing, becoming free and perhaps of amcboid 

- movement, This observation in its entirety we have been unable to 
confirm but we have found certain appearances that indicate that 
_ something of the kind does take place. Every here and there in the 
splenic pulp an erythrocyte may be seen which appears drawn out and 
seems anchored to the wall of a sinus by a process. : 

Again, after the second day and very markedly by the seventh day 
the splenic pulp becomes filled with masses of pigment the great bulk 
of which gives the iron reaction. This pigment now consists in large 
part of spherical masses arranged in rows along the walls of the sinuses. 
In many parts it may be impossible to distinguish the pigment 
granules; and the reticulum even with high powers appears as a net- 
work showing the free-iron reaction. (Fig. 3.) 

_ We are unable to agree with Heinz that those appearances are due 

to a specific action of the splenic endothelium. In the first place we 
have been unable to find the appearance of erythrocytes attached by 
processes to necrosed portions held by the splenic endothelium as 
described by him, The appearances we have found seem to us to be 
more simply accounted for by the stickiness of the poisoned erythrocytes, 
and.this view seems to be borne out by the facts that the fibrous tissue 
of the liver is sometimes mapped out with iron-containing pigment 
and the same change is occasionally seen in the bone-marrow and is 
very prominent in the hemolymph glands of dogs poisoned with 
toluylendiamine, Again, it is common to find phagocytic cells in the 
splenic pulp containing whole erythrocytes. In infections Muir’ has 
found as many as 20 along with 6 neutrophiles held in a single 
phagocyte. He states that these phagocytes are partly derived from the 
swelling and desquamation of the endothelium of the reticulum and 
sinuses. We are therefore at a loss to understand why the rest of 
the erythrocyte “cannot follow” when a necrosed portion has been 
taken up. 


1 Trans. Path. Soc. London, iin. pt. iii. 1902. 
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In addition to the appearances already noted we find masses of 
pigment only some of which gives the iron reaction, both free and in the 
cells of the reticulum and in the leucocytes. 

On the seventh day the amount of free-iron pigment in the spleen 
is very striking. A stained section looked at with the naked eye 
appears uniformly blue except at points corresponding to the position 
of the Malpighian corpuscles. The Malpighian corpuscles are large. 
Megaloblasts and normoblasts are found when these are numerous in 
the circulation but they are always isolated and never give any 
indication that they are produced im the spleen. 

The changes persist after the animal has recovered on the twentieth 
day. 

3. Changes found in the kidneys. 

In the kidneys the only change found is the deposition of pigment. 
On the second day a few insignificant granules, some of which give iron 
reaction, are found in the epithelial cells of the convoluted tubules. 
These gradually accumulate to such an extent that on the seventh day 
the protoplasm of the epithelium of the cortical tubules appears to be 
stained a diffuse blue in striking contrast to the red nucleus. Only 
very high powers reveal the granular character of the pigment, though 
occasionally large spherical globules are found. Masses of pigment 
giving iron reaction are occasionally found occupying the lumen of the 
tubules. 

4. Changes found in the lymph glands. 

Before the seventh day the mass of adenoid tissue ind in 
the mesentery is always much enlarged and darkly pigmented. On 
section enormous numbers of small spherical bodies derived from the 
red cells are found in the medulla. These cunsist of a yellow-brown 
pigment and many of these give the iron reaction, They are quite as 
numerous as the globules of pigment found in the spleen, Masses of 
pigment showing free-iron reaction are also found amongst the fibrous 
tissue of the glands, We may here state that we have found similar 
pigment in various connective tissue spaces and in the capsule of the 
organs, such as liver, spleen and suprarenal. 

5. Changes found im the bone-marrow. 

The bone-marrow is the only tissue in which any indication of blood 
formation was found. In all cases the marrow was taken from the 
femur and both films and sections were examined. On the first day 
there is practically no change beyond the presence of a few granules of 
iron scattered indefinitely. On the second day the marrow is more 
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cellular. The fat may be slightly encroached on. There is a great 
increase in the number of lymphocytes and myelocytes, and a slight 
increase in the number of nucleated red cells. The giant cells are 
somewhat degenerated and again some scattered granules of iron are to 
be found. On the third day the fat is greatly encroached on. There 
is a great increase of erythroblasts, many with dividing nuclei, and 
numerous megaloblasts are to be found. The number of giant cells is 
greatly increased. 

These changes become more marked. On the seventh day the fat 
is very greatly encroached on and in many cases has altogether 
disappeared, and is replaced by a tissue composed of lymphocytes 
myelocytes and other granular cells, erythroblasts and megaloblasts 


indefinitely arranged. Areas of leucoblastic tissue and of erythro- 
blastic tissue can be distinguished but they are 10 waf separated or 
defined. Giant cells are numerous. Many act as macrophages and 


contain granular leucocytes, lymphocytes and red cells. A large 
quantity of pigment giving free-iron reaction is now found; much is in 
the form of small globules. It is mainly free and scattered indefinitely. 
A few intracellular granules may be seen. There is also a considerable 
quantity of yellow pigment which does not give the iron reaction. 

After the twelfth day the changes again become less marked. By 
the twentieth day the fat has almost regained its normal — 
although the section appears more cellular than usual. 

There is an increase of lymphoid tissue, and Lnicobhintse and 
erythroblastic processes seem still active. Giant cells are in ordinary 
amount. There are very numerous spherical bodies derived from the 


poisoned erythrocytes. They are golden brown in cvlour, stain deeply 


with methylene blue, and about half of them give the free-iron reaction. 

6. Changes found in other organs. 

The most important of these are microscopic emus found 
most commonly in the lungs and less frequently in the mucous mem- 
brane of the stomach. They appear to be due to blocking of the 
capillaries by the poisoned erythrocytes. 

Another fairly constant change is the presence, after the third day, 
of a variable, small quantity of pigment, most of which gives free-iron 
reaction in the fibrous tissue of the cortex of the suprarenal capsule. 

Some of the intestinal villi occasionally show traces of iron-containing 


pigment. 


As we have already indicated these appearances are to be e Foganted 
as merely incidental. 
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Before passing to consider the relationship of the spleen to these 
appearances we may recapitulate the changes found in the blood and 
organs. 

1. A marked anemia is caused which is associated with the 
presence of megaloblasts and normoblasts in the circulating blood and 
a leucocytosis mainly due to a lymphocyte increase. 

2. Portions of the poisoned red cells are taken up by various organs 
and are rapidly changed into a pigment which soon gives the free-iron — 
reaction. The pigment is found in greatest quantity in the spleen, 
followed in order by the lymph glands, bone-marrow, kidney, liver and 
suprarenal capsule. 

3. Active regenerative changes both erythroblastic and leucoblastic 
are shown by the bone-marrow, and megaloblasts are also found when 
the regenerative process is at its greatest. 


B. SPLEENLESS ANIMALS. 


In each of these experiments two animals generally of the same 
litter and as near the same weight as possible were brought under ob- 
servation. Splenectomy was then performed on one, the other being 
kept as a check, under the same conditions. The blood of both was 
examined at intervals and carefully compared. Some time after the 
splenectomy, which never affected the health of the animal in any way, 
the hemolytic agent was injected. A careful comparison of the two 
animals was then made, 


The observations included :— 

1. The blood changes. 

2. The histological appearances of the organs. 
8. The general condition of the animal. 


I, Blood changes. 


Many of the earlier enumerations of erythrocytes were made with 
Oliver’s hemocytometer but we found that the instrument did not 
give accurate results when there was diversity in the size and shape of 


the red cells. The readings after the large red cells had made their 


appearance were invariably too high when checked with the Thoma- 
Zeiss hemocytometer. The results however may quite legitimately be 
used in comparing the blood changes of the splenectomised and those of 
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the non-splenectomised animal, especially as they were checked by the 
| examination of. stained films. Our results obtained by Oliver’s in- 
strument are stated as percentages in terms of human blood ; the actual 


numbers per c.mm. are stated when the Thoma-Zeiss hemocytometer 
was used. 


The following tables indicate the comparative blood changes. 


Exp, VIII. Two rabbits (4 and 8). A splenectomised. Later both 
— with ‘05 grm. of phenylhydrazin in solution. | 


| Erythrocytes Hb. Erythrocytes Hb. 
Before injection 95 70 95 70 
let day | 50 85 60 
2nd ,, 50 2° 50 30 
3rd ,, 60 35 30 20 
4th ,, 70 40 50 30 
th ,, 90 65 100 70 
Exp. IX. Two albbite (A and B) A splenectomised. Later both injected 
} with 1 c.c. of bah in 50 solution of phenylhydrazin. 
A B 
Erythrocytes Erythrocytes Hb. 
3rd day 70 40 70 40 
4th ,, 60 30 30 
5th ,, 70 40 60 30. 
8th _ ,, 80 60 85 60 


Exp. X. Two rabbits (A and B), A splenectomised. Later both injected 
with 2°5 c.c. of 1 in 50 solution of ne ea 


A B 

Erythrocytes Hb. Erythrocytes Hb. 
Before injection 5,040,000 70+ + 4,920,000 70 
Srd day 2,400,000 40 1,840,000 30 
5th ,, 2,470,000 30 710,000 30 
6th ,, 1,620,000 30 1,430,000 30 
8th ,, 3,290,000 60 + 2,330,000 60 
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In this experiment enumerations of leucocytes and differential counts gave 
the following results : 


A.. (splenectomised). 


Per cent. Per c.mm. 
Before injection 16,000 
3rd day 25,000 56 2 
See 51 46 2 1 + + 
6th ,, 9,800 43 54. 2 l + + 
8th ,, 5,000 49 47 3 1 
B (non-splenectomised) 
Before injection 7,200 
3rd day 19,600 50 48 ] 1 0 0 
5th ,, 26,400 54 45 1 0 924 1452 
6th ,,- 23,400 22 74 2 2 1170 2223 
8th ,, 5,600 18 78 4 0 0 0 


Exp. XI. Two rabbits (A and B). A staadboniian’: Both injected 
with 3.c. of solution of 


A B 
Erythrocytes Hb. Erythrocytes Hb 
Before injection 80 - 60 
4th day 2,640,000 30 + 1,310,000 30 
5th ,, 2,060,000 2,040,000 30 + 
7th ,,. 2,960,000 60-. 2,660,000 60 
A. 
Per cent. Per c,mm. 
Total N 
4th day 400,000 erg 33 0 8000 16000 
5th ,, 20,000 | 29 . 69 2 9000 ~ 2800 
7th ,, 7,800 70 30 156 
| B. 
4th ,, 17,600 65 34 1 704 704 
5th ,, 12,400 38 61 l 372 124 


7th ,, 8,600. 72 28 0 0 0 
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Exp. XII. Two rabbits (A and B). A splenectomised. Both had 30 c.c. 
of a 1°/, solution of toluylendiamine injected into the jugular vein. 


A 
Erythrocytes Hb. Erythrocytes Hb 
Before injection 5,360,000 70 5,360,000 70 
Ist day 5,200,000 70 5,040,000 70 
3rd ,, 4,670,000 70 2,880,000 70 
4th ,, 5,240,000 60 4,190,000 60 
eae 3,500,000 70 + 3,200,000 60 + 
«bth ,, 5,040,000 70+ 4,920,000 70 
A (splenectomised). 
Total number 
of white cells | 
perc.mm. Psendo-eos. Lymphos. Eos. Basoph. ‘ee. N. 
Before injection 10,800 50 48 1 1 
Ist day 12,000 | see | 
Srd ,, 13,800 57 41 2 0 
4th ,, 12,600 
6th ,, 20,200 
8th ,, _ 16,000 
B (non-splenectomised ). 
Before injection 11,600 
lst day 8,400 66 34 0 
3rd ,, 17,000 33 64 ] 2 0 1 
4th ,, 10,400 
6th ,, 10,200 
8th ,, 7,200 


Exp. XIII. Two pups of the same litter, about 5 months old. A had 
the spleen removed three months before the experiment. On the 2lst A 
weighed 4020 grms., B weighed 4000 grms. Both received toluylendiamine 
in pills ; on May 21st ‘2 grm., 26th 3 grm., and 28th — Both remained 
perfectly well and did not lose ies ct 


A. 
Per ¢.mm. Per cent. 

Poly- L Eosino- 

_ May lst (before) 95 70 31,800 67 25 ~ 
»» 22nd 100 80 97,200 79 15 6 
» 23rd 90 90 27,000 67 29 4 
» 24th 19,400 67 28 5 
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A (continued). 
Per c.mm. Per cent. 
Erythro- Hb Leuco- Poly- Eosino- 
| cytes cytes morphs 
May 26th ie. 
28,200 69 98 3 
» 28th 95 80 — 26,000 82 14 4 
» 29th 90 80 32,600 65 32 3 
» 30th 95 80 19,200 56 39 5 
June 2nd 90 26,200 55 40 5 
B. 
May 21st(before) 95 27,200 74 21 5 
» 22nd 90 70+ 23,600 76 23 1 
» 23rd 90 80 19,200 73 23 4 
» 24th 80 20,200 53 40 7 
». 26th 100 
» 30,800 77 23° 0 
» 28th 90 70 18,200 61 32 Bb 
» 29th 80 65 24,200 69 20 ll 
30th 75 60 11,800 52 
Son 2nd 85 70 25,000 61 36 3 


Exp. XIV. Two dogs (A and B). A splenectomised. Five months 
after the last experiment A weighed 6525 grms. and B weighed 6065 grms. 
Both received ‘5 grm. toluylendiamine by the mouth. Both became intensely 
jaundiced, but the condition was more intense and persisted for a longer 
time in the animal with its spleen. On the 10th day after the drug A om 
Jost 360 grms. and B no less than 800 grms. 


Erythrocytes Hb. Erythrocytes Hb. 
Before administration 100 + 90 110 90 
Ist day 120 110 120 100 
oul. 90 70 110 90 
80 80 90 

ard, | 3,600,000 4,640,000 
4th 2,560,000 60 3,840,000 70 
5th ,, 1,760,000 50 2,160,000 50 
2,880,000 50 1,700,000 40 
8th ,, 2,910,000 50 2,840,000 50 
10th 3,320,000 60 2,760,000 70 
12th 3,120,000 70 3,440,000 70 
13th ,, 2,800,000 40 3,360,000 80 
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A (splenectomised). 


Per cent. c.mm. 
per ¢.mm 

3rd day 30,000 61 33 oe 0 0 
4th ,, 19,200 53 43 4 0 0 
Sth ,, 18,000 48 49 3 0 0 
6th ,, 28,600 66 30 4 0 28 
8th ,, 27,800 60 36 4 0 3792 
10th ,, 25,000 30 56 14 500 4750 
12th ,, 31,200 57 31 12 780 © 3744 
18th“, 21,600 40 48 12 2376 2376 
B (non-splenectomised). 
3rd day _— 19,200 67 30 3 0 0 
4th ,, 22,400 46 “a: 0 0 
5th 14,000 41 8 0 0 
6th ,, 25,400 44 50 6 0 0 
8th ,, 17,400 64 34 2 0 696 
10th ,, 12,400 40 56 3 74 124 
12th ,, 12,800 51 44 5 6. 
13th ,, 13,600 1 78 247 


Exp. XV. Two male pups about six months old. Splenectomy had 
_ been performed on A a month before the administration of toluylendiamine. 
On the 4th each got ‘5 grm. toluylendiamine in a pill. A lost from 9885 grms. 
_on the 4th to 9320 grms. on the 11th, while B lost from 9185 grms. to 
8046 grms. on the 24th. A remained free of jaundice, but B was 8 distinctly 
jaundiced for four days. 


Day Erythrocytes Hb. Erythrocytes Hb. 
25. 2 82 80 84 80 
28. 2 88 B® 88 85 
4. 3 86 80 86 80 
5 80 85 80 80 
6 78 80 72 75 
7 78 80 70 70 
8 70 75 66 70 
11 75 75 58 60 
13 78 75 64 60 
15 84 75 74 60 
19 88 80 82 70 
22 88 85 84 75 
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Exp. XVI. Two dogs. A being the animal splenectomised as stated in 
Exp. XV., seven months before the present experiment, and B being a Collie 
bitch of about the same age, were kept in the same condition for some time. 


A weighed 12,180 grms, and B 13,260 grms. 


A B 
Day Erythrocytes Hb. Erythrocytes Hb. 
31. 9 110 90 104 90 
7. 10 115 95 115 95 
a. 110 90 110 90 
85 75 65 
14 ) 75. 65 60 50 
16 85 70 85 70 
17 100 80- 90 70 
21 100 80 — 100 70 
23 90 75 90 80 
24 85 75 85 75 
25 80 70 85 80 
27 ee 70 90 80 


On the 7th A got ‘37 and B ‘5 grm. of toluylendiamine (0°04 grms. per 
kilo), On the 9th both were markedly jaundiced, but B much more deeply 
than A. On the 11th the jaundice had almost disappeared in A.. B was ill 
and off food till the 16th, while A appeared quite well, JB had lost 520 grms. 
and A only 123 grms. . 

On the 21st A had ‘2 and B ‘27 grm. toluylendiamine and again on the 
23rd, And on the 25th A had ‘3 grm. and B had *4 grm. ey er : 
on the 27th. 


Exps. XII. XIII. XIV. XV. XVI. sufficiently indicate the changes 
in the blood caused by toluylendiamine poisoning. Stained films 
showed merely the appearances usually found in the corresponding 
degrees of anemia. There were marked polychromatophilia and 
granular basophilic degeneration, diversity in the shape and size 
of the red cells, numerous normoblasts and megaloblasts accompanied 
by a leucocytosis. 

On comparing the blood-counts shown by the splenectomised and 
the normal animal in Exps, VITI. IX. X. XI. XII. and XIII, we find 
that the contrasted animals show precisely the same course as regards 
the time of incidence of the anzmia and time of recovery. Only one 
difference is to be noted, but as it is constant it calls for attention and 
explanation. 
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We find that, at or about the time the anzmia is most marked, the 

non-splenectomised animal invariably gives the lower blood-count. 

Heinz gives four tables recording the number of erythrocytes in 
contrasted normal and splenectomised animals. His fourth table—the 
only one recording daily observations—also shows this feature. Tables 
1, 2 and 3 only record observations on alternate days and omit the 
3rd and 5th days. 

Tables 1 and 3 cannot be said either to confirm or controvert our 
observation, while Table 2 indicates higher numbers in the normal 
animal, though the difference is very slight. 

Our tables show, however, that the lower count in the normal 
animal occurs on the 3rd, 4th or 5th day, so that in tables which omit 
two of these days the likelihood of finding our observation confirmed is 

diminished by two-thirds. 
| Is this lower blood-count in the case of the non-splenectomised — 
animal evidence that the spleen exercises an active —— action 
as maintained by Hunter? 

We are unable to accept this view for the following reasons : 

1. The difference in the degree of anzmia is but slight and is oy 
present for a day or two, while the condition is most marked. 

_ 2. The rate of blood-destruction and of recovery is always seactibally 
identical in the contrasted animals. 

_ 8. The number of nucleated erythrocytes. and leucocytes and 
the qualitative changes are practically the same, except in one | 
particular. 

4. It was this which gave us the clue to what seems the ton 
explanation of the lower blood-count in the case of the non-splenec- 
tomised animal. 

In some of the contrasted blood-films we found that although the 
blood-picture was in every other respect the same, in the case of the 
splenectomised animal the number of poisoned corpuscles was much 
greater than in the case of the non-splenectomised. 

The explanation of the lower count in the animal with its spleen 
intact is thus that the poisoned corpuscles are more quickly eliminated 
from the circulation. They are caught in the splenic reticulum and 
rapidly converted into @ pigment which soon give the free-iron 
reaction. 

We have already seen that while many of the organs of animals 
after phenylhydrazin poisoning show a large deposition of iron, the 
spleen is the organ containing most. In the absence of the spleen the 
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poisoned corpuscles, which would otherwise have been taken up, are 
allowed to remain longer in the circulating blood than when the 
spleen is present. This seems to explain the difference in the 


apparent degree of anwmia and to indicate that in toluylendiamine — 


poisoning the spleen does not play the essential réle ascribed to it 
by Hunter. His argyments from the lesser effect of toluylendiamine 
in splenectomised animals is overthrown by the above observation, and 
by the fact that phenylhydrazin, which more manifestly acts directly 
upon the erythrocytes, gives precisely the same results as toluylendiamine 
in the splenectomised as compared with the normal animal. 

We are able to confirm his observation that the jaundice and loss of 
weight are more marked in animals with the spleen intact than in those 
in which the organ is absent, but it appears to us that the former may 
be readily explained by the more rapid withdrawal of pigment from 
the general circulation and the more complete retention of the dis- 
integrating pigment in the portal circulation, and that the emaciation 
is probably secondary to this. 


II. The hemolytic and hemogenetic changes in the organs. 


In the case of splenectomised rabbits injected with phenylhydrazin 


the changes found in the organs were exactly the same as those found 
in normal animals. 

Since the accumulation of iron is so great in the spleen, we made 
careful comparisons of the’ other organs in contrasted splenectomised 


_ and non-splenectomised animals with.a view of ascertaining whether 


the amount of pigment in the liver, kidney and other organs was 
greater in the case of the splenectomised than in the non-splenectomised 
animal. We were never able to make out any differences in the 
quantity by ordinary histological methods. 

The question of elimination of the iron we have not investigated. 
The element is present in the organs in great amount after the 
blood has reached its normal condition though in rather less quantity 
than when the blood-changes are most marked. 

The organs of the dogs (A splenectomised, B non-splenectomised) 
injected with toluylendiamine and referred to in Exps, XIII. and XV. 
were carefully compared. The following conditions were found. In 
Exp. XIII. the animals were killed on the thirteenth day after the 
administration of toluylendiamine. The others had received repeated 
doses. 
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1. Changes found in the lwer. In both the splenectomised and 
non-splenectomised animals the liver was slightly congested and 
contained large masses of pigment giving the free-iron reaction 
apparently between the rows of liver-cells. The great majority of 
these masses are spindle-shaped and their distribution is peculiar. 
They are contained in the endothelium of the capillaries. There was no 
greater quantity in the case of the splenectomised than in the case of 
the contrasted non-splenectomised animals. 

2. Changes found in the spleen. The spleen of dogs, B, showed a 
large number of giant cells like those of the bone-marrow. The 
Malpighian bodies were unaltered. There was much yellow pigment 
in large, irregularly spherical masses and in smaller rounded bodies 
and granules. Most of the pigment showed free-iron reaction. 

3. Changes found in the kidneys. In both splenectomised and 
normal animals the epithelium of the cortical tubules contained a 
few small granules of yellow pigment. Only a small proportion of 
these showed the iron reaction. 

4. Changes found in the lymphatic and hamolymph glands. The 
lymphatic glands were healthy and contained no pigment in their 
substance although the capsule often contained a large amount of 
free-iron containing pigment lying along the fibres. The blood sinuses 
of the hemolymph glands showed an enormous accumulation of iron 
pigment both in the cells of the reticulum and lying along the walls 
of the sinuses. A few granules of pigment were seen in the leucocytes 
and many of the cells of the sinuses and reticulum contained ingested 
erythrocytes. 

No erythroblastic changes were found. 

In an interesting paper on the hemolymph glands, Lewis’ concludes 
that in the rat at all events the process of blood-destruction (“of worn- 
out or damaged cells and not healthy individuals”) occurs in the 
hemolymph glands to an extent exceeding the similar process in the 
spleen. Certainly the number of large cells which are capable of 
acting as phagocytes in the sinuses of the hemolymph glands is 
very striking. 

5. Changes found in the bone-marrow. In Exp. XIII. in both 
animals the bone-marrow was very cellular and the fat was much 
encroached on. Giant cells were numerous. Erythroblastic and 
leucoblastic formation seemed very active. Numerous megaloblasts 


1 Internat, Monats. f. Anat. u. Phys. xx. 1902. 
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were seen. Large rounded masses and many small granules of 
pigment most of which showed the free-iron reaction were found 
scattered irregularly. In Exp. XV. the changes were similar but 
much less advanced. | 
6. Changes found in other organs. Nothing of note was found 
except the presence of a few granules of iron-containing pigment in 
the suprarenal capsules in both splenectomised and normal animals. 


No pigmentation or other indication of hemolytic action was found in 


the stomach or intestines.) We may conclude that the presence or 
absence of the spleen in dogs and rabbits has no effect in influencing 
the histological changes found in the other gaan after the administra- 
tion of hemolytic agents. 


5. Is THE ACCUMULATED IRON IN THE SPLEEN OF USE IN| 
BLOOD FORMATION ? | 


In order to study whether the accumulation in the spleen of the 
iron of broken-down erythrocytes is of use to the animal, the effect of 


diet poor in proteids and in iron on the erythrocytes and hemoglovin — 


was investigated in rabbits with, and in rabbits without the spleen. 
The food selected was rice which in the hands of Fowler had been 
found to cause anemia especially in young animals. For each ex- 
periment two rabbits of the same ‘weight were selected. One was 
splenectomised and both were kept under the same conditions and 
weighed at frequent intervals. 


Exp. XVII. Three rabbits, weighed A 1760 grms, B 1390 grms., 
C 1350 grms. on 21st October. A and C had been splenectomised in July. 
On October 25th they were put on a diet of rice and their weights were as 
follows : 


8thday 1710 1390 1330 
12th ,, 1590 1350 1320 
18th ,, 1440 1270 1240 


23rd ,, 920 1150 
A had lost 40 */, 


> 
om 
a 
~ 


THE SPLEEN AND HA&MOLYSIS. 
The erythrocytes and hemoglobin gave the following results : 


A 
Erythrocytes Hb. 
Ist day. 110 90 
8th _,, 110 85 
19th. ,, 60 40 
23rd _,, 70 50 
Percentage loss 36 44 
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B C 
Erythrocytes Hb, Erythrocytes Hb. 
105 80 95 75 
100 75 95 70 
90 70 + 75 60 
— 0+ 70 50 
44 101 26 33 


They were killed on the 23rd day of the diet. The spleen of A and C had 
been completely removed, except for a little body the size of a large pin head 
in each. Scrapings of the liver and red marrow of the ribs stained with 
sulphate of ammonium showed an abundance of iron in the cells of both in A, 
but much less in C. The spleen of B was small, and scrapings showed very 


abundant iron in the cells. The liver and bone-marrow contained much less 


iron than those in A. 


Exp. XVIII. Two rabbits, weighed Nov. 22nd, A 2050 grms., B 1680 grms. 
A had been splenectomised on Nov. 20th. They were put on a rice diet on 
Nov. 24th, and in 18 days A had fallen in weight to 1800 grms. and B to 


1380 grms., 12°), and 18 


A. 
| Erythrocytes Hb. 
3 days before diet begun 100 80 
10th day of diet 105 90 
24th ” 80 65 

Percentage loss 20 19 


12 


- Exp. XIX. Tworabbits, weighed on Nov. 22nd, 41720 grms., B 1800 grms. 
A had vessels of spleen ligatured on Nov. 13th: Rice diet was given from 


_ Nov. 24th. 
B 
3 days before diet begun 85 70 100 80 
12th day of diet 80 70 110-—. = 80 
23rd 80 50 100 75 
Percentage loss 6 29 0 9 
A was then put on a diet of oats, while B still got rice. 
29th day of diet 80 65 100 80 
33rd sy 80 65 100 80 


They were killed on this day. 
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A weighed 1460 grms. and had lost 15°/, of its weight, B weighed 1460 or 
19°), of its weight. The liver and bone-marrow of A showed only a diffuse 
green colour with sulphide of ammonia, but no coloured granules. In place 
of the spleen there was a mass of caseous-like matter. The spleen of B was: 
full of granules staining deep green with ammonium sulphide. The bone- 
marrow showed no accumulation of iron. 

In some experiments a prolonged diet of rice produced no reduction in the 
number of erythrocytes or in the amount of hemoglobin, either in the rabbit 


_ with or in the rabbit without a spleen. 


These experiments indicate that rabbits deprived of their spleen 
when kept upon a diet poor in iron and in proteids became more 
rapidly anemic than do rabbits which possess the organ. And from 
the great accumulation of iron which is generally found in the spleen 
of such rabbits, the conclusion seems justifiable that the spleen acts 
as a reservoir for the iron, and thus, by preventing its excretion, enables 
it to be used again and so delays the onset of anzemia. 


SUMMARY. 


1, Removal of the spleen is not followed by any rise in the 


number of: erythrocytes or leucocytes. 


2. The excess of erythrocytes added to the blood by injecting the 
defibrinated blood of animals of the same species disappears at the same 
rate in animals with and in animals without the spleen. 


3. Hemolytic agents may be divided into (a) Solvents of hemo- __ 


globin from the erythrocytes. (b) Toxic agents to the erythrocytes. 

(a) Injection of the first class (water) leads to an exactly similar - 
hemolysis and recovery in the normal and in the spleenless animal. 

(6) The injection or administration by the mouth of the second 
class (phenylhydrazin and toluylendiamine) causes the following changes 
in normal and in spleenless animals. 

(i) Blood, A great destruction of both red and white cells results 
in an anemia which in many features closely resembles pernicious 
anemia, but which is completely recovered from about the twentieth 
day. 

(ii) Organs, (a) A very great deposition of pigment, which gives 
the reactions of free iron, occurs most markedly in the spleen (when 
present) and next most markedly in order in the lymph glands, bone- 
marrow, kidney, liver and cortex of the suprarenal capsules. 
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Most of the pigment is contained in cells—large leucocytes or 
endothelial cells—or is deposited along the fibrils of connective tissue. 
The splenic reticulum may thus be mapped out by the pigment. 

(b) Active regenerative changes, leucoblastic and erythroblastic, 
are confined to the bone-marrow where megaloblasts are also found 
when the regenerative changes are most marked. 

These megaloblasts indicate a reversion to the foetal type of blood 
formation and are only found in the circulating blood of man in 
pernicious anemia and a few allied conditions. 

The only difference between splenectomised and normal animals 
observed was that about the 4th day a slightly less degree of anzemia 
was produced in the spleenless animal, because of the less rapid and 
complete removal of the dead erythrocytes from the circulation. 

4. The anemia induced by feeding rabbits upon a diet poor in iron 
and proteid (rice) is more marked in spleenless than in normal animals, 
the spleen apparently acting as a storehouse for iron which would 


otherwise be lost. 


There is thus no evidence that the spleen has any active hemolytic 
function. It is rather a scavenger of the blood, removing dead erythro- 
cytes, breaking down the hemoglobin and retaining the iron for use in 
the regeneration of the blood cells’. 


DESCRIPTION OF PLATE I. 


I. Blood of rabbit four days after injection of phenylhydrazin. 
(a) Megaloblasts, 
(b) Normoblast showing punctate basophilic degeneration. 
(c) Small lymphocytes. 
(4) Large lymphocyte. 
(e) Pseudo-eosinophiles. 
the text. 
Stained eosine and methylene blue x 1000. 


Il, Liver of rabbit killed seven days after injection of phenylhydrazin. 
III. Spleen of ditto, 


II. and III. represent the deposition of iron pigment. 
Stained hydrochloric acid and ferrocyanide of potassium and carm-alum x 1000. _ 


, The expenses of this investigation were defrayed from a Grant given to the Laboratory 
by Francis Mason, Esq., for investigations on the functions of the ductless glands. 
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ON SOME EFFECTS OF THE CONSTITUENTS OF 
RINGER’S CIRCULATING FLUID ON SKELETAL 
MUSCULAR CONTRACTIONS IN RANA HEXADAC- 
TYLA. By R. ROW, M.D., B.Sc. (Lond.). (Thirteen Figures in 
Text.) 


(From the F. D. Petit Laboratory, Byculla, Bombay.) 


THE important part played by certain inorganic salts (viz. calcium, 
potassium and sodium) in influencing the nature and characters of the 
cardiac as well as skeletal muscular contractions, has been so thoroughly 
established by Ringer’s exhaustive work, that to carry on any further 
experimental study of the same subject would appear superfluous. 

But the constant failure with Indian frogs of working Schifer’s 
frog-heart plethysmograph with Ringer’s fluid made me consult Prof. 
Schafer, who suggested that the ordinary Ringer's fluid may not be 
normal to our frogs. I therefore undertook a series of experiments with 
a view to arrive at a suitable combination of calcium and potassium 
salts in normal saline for the continuous and efficient working of the 
heart of the frogs obtainable in Bombay (Rana hexadactyla). Having 
found the calcium-phosphate Ringer inefficient I worked on Ringer’s 
original plan of combining the various proportions of calcium chloride, 
sodium bicarbonate, and potassium chloride in normal saline (0°6°/, 
NaCl). My results on this point have been published in the Journal of 
the Medical and Physical Society of Bombay”. From my experiments 
the best combination of the salts to work the frog heart for many hours 
regularly appears to be as follows :— NaCl 0°6°/,, 100 parts: CaCl, 1 "les 
2°5 parts: NaHCO, 1°%/,, 2°5 parts: KCl 1°, 1 part. This fluid is 
designated throughout this paper as Ringer XIV. 

Since publishing those results I have extended the inquiry to 
contractions of skeletal muscle perfused with various fluids, including 
the Ringer of the above-named composition (which being best suited 
for their heart muscle may be considered normal to our frogs), with the 
view of ascertaining how far a skeletal muscle preparation can compare 
with a heart preparation in demonstrating the important réle which 
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Ringer has established for the calcium and potassium salts, in con- 
nexion with cardiac muscular contractions. 

Ringer has shown that when sodium chloride 0°6°/, tian is 
substituted for Ringer’s fluid perfusing through a frog’s heart a gradual 
diminution of cardiac contraction results, This goes on until the heart 
comes to a standstill in diastole, and by continuing the perfusion of the 
saline long enough the heart which is rendered quiescent loses its 
irritability even to induction shocks, He has further proved, on now 
resubstituting Ringer's fluid for the saline, not only that the irrita- 
bility of the heart to induction shocks returns, but also that spontaneous 


_ rhythmic contraction manifests itself after a time”: © 


Method. For circulating the various fluids through the muscle 
I introduce a fine cannula connected with the perfusion beaker into one ~ 
of the iliac arteries of the frog. The tendo Achillis of the same side is 
attached to a crank-myograph, and the thoracic upper half of the 


- animal being cut away, the vertebral column is fixed with a muscle 


clamp ; this forms the fixed support. When the circulation is established 
the fluid returns in a continuous stream by way of the cut renal portal 
vessel and the anterior abdominal vein. Stimuli are sent through a pair 
of guarded electrodes slipped under the sciatic plexus, and induction 


shocks of a definite strength are sent into the nerve at regular intervals 


of 5”, 10”, or 15”, the contractions being usually recorded on a stationary 
cylinder moved manually during the intervals of stimulation. In some 
cases the contractions were recorded on a quickly moving surface, to 


determine if any marked differences from the normal could be observed 


in the phases of the active process. 
Results. (1) Change from Ringer’s fluid to alles solution. The 


result is presented in tracing 1. From this it will be seen that for a 


particular strength of stimulus the almost uniform contractions, which 
are obtained while Ringer's fluid is circulating, undergo a gradual 
diminution when saline solution of 0°6°/, NaCl is substituted for 
Ringer's fluid, and this continues until we get no contractions at all for 
a particular stimulus. On recirculating Ringer's fluid we get a gradual 
return of the contractions to the normal or even ach the normal until 
& maximum is reached. 

The effects of circulating normal saline through the muscle perfused 
with Ringer's fluid are in some respects identical with those obtained 
by Ringer. Thus the gradual diminution of the contractions under the 
influence of the saline (NaCl 0°6°/,) is exactly what he has described 


with the muscles of the tortoise and the gastrocnemius of Rana tempo- — 


A. 
- 
a 
¢ 
4 
“a 
Ag 
+ 
4 


442 R ROW. 


_raria®, But in my experiments the time necessary to produce this 
result is to be counted only by a few minutes. Ringer found it an 
hour and three-quarters in one of his experiments on the tortoise and 
several hours to 24 hours or more in Rana temporaria”. 


Fig. 1. All the tracings read from left to right. Gastroonemius: stimuli sent in at 
every 10” from secondary coil: break shocks: coil at 15 cm.: one Daniell’s cell: at 
drum moved each time manually. 


In my experiments the weakening influence of the normal saline 
not only manifests itself much sooner than in Ringer’s experiments, 
but is followed neither by the fibrillary tremor, the contraction 
remainder, nor the altered character of the relaxation phase of the 
contraction described by Ringer®. As will be seen from Figs. 2, 3, 
my experiments show in these respects no particular change from 
the normal; at all events there is no marked prolongation in the 
relaxation phase—and this whether the stimulus was applied directly 
or indirectly. Further, to test if a longer perfusion of the saline 
would produce the results observed by Ringer, some time was 
allowed to elapse after the complete abolition of the contractions had 
taken place. On then throwing in a stronger stimulus the result was 
recorded, and even this did not show any alteration in the relaxation 

There is one condition however which gives an altered myogram 
with prolonged relaxation; I mention it here on account of the 
importance of concluding ‘the observations before this condition is 
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established. As Ringer has described”, a prolonged circulation of 
NaCl 0°6°/, produces an enormous cedema, and when this takes place 
I obtain a prolongation of the relaxation phase, I venture to think 
that this is due to the oedema producing a loss of elasticity in the 
muscle and that. the loss of elasticity prevents the rapid relaxation of 
the muscle. For before the wdema is well established or if the 
enormous cdema is to a certain extent prevented by 4 previous 
amputation of the foot below the tendo Achillis, no alteration of the 
muscle curve is observed and the ultimate effects of saline and of 


Fig. 2. Musele curves taken on a quickly revolving cylinder. 
Stimulus indirect : coil at 16 cm. 


(1) Ringer XIV. (to which 1 ¢.c. of frog’s defibrinated blood 1 ¢.0. 


added), circulating. 
(2) 380” after normal saline had commenced to circulate. 
(3) 1}’ 99 
(4) 3’ 3? 


Fig. 8. Same as Fig. 2. Coil at 10 cm. but with direct stimulus. © 
1=Ringer’s fluid perfusing. 2=normal saline perfusing. 


Ringer’s fluid can be demonstrated for over two hours. Further, after 
a long time, say 3 hours after the starting of the experiment, when the 
limb is obviously edematous and swollen, we get a prolonged relaxation 
period on inducing the muscle to contract by a strong stimulus. And 
these altered contractions are maintained even if a calcium salt, now 
introduced into the circulating fluid, is seen to manifest its own effect 
on the muscle, viz. augmentation of the contraction, etc; to this a 
reference will be made later on (vide Fig. 11). 

The only other point which seems of interest regards the latent period. 
This appears even in normal conditions in Rana hexadactyla, with a 
maximum or sub-maximum stimulus and with 20 grammes weight, to 
be enormously prolonged, being somewhere between 7th to »;th of a 
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second, and during the perfusion of saline solt 
long latent period is still more lengthened ; in o 


of calcium salts in the circulating fluid (Ring 


latent period. 

(2) Effects of Ca salts and K salts, Ir 
proceed as follows: Having obtained a ‘max! 
Ringer XIV., I change the circulating fluid to 
calcium part of it, i.e. with only KCl in norm 
solution per 100). The result is seen in Figs, 4 


Fig. 4. Effect of KCl in normal doses—when the change ¥ 
_ Ringer XIV. minus the CaCl, part of it—i.¢. cox 


Fig. 5. Same as Fig. 4, but the change was made ii 


the main characters are as if the change had b 
fluid to saline solutions only. The contract 
until no contractions are obtained for a co 
stimulus. On closer examination, however, it 
smaller contractions begin later and end earlier 
prolonged and relaxation is shortened. This r 
vation of Lauder Brunton on the action of 
present I am unable to compare my tracings» 
On reverting from this solution to Ringer XIV. 
is obtained in the reverse order (Fig. 5). T 
part played by calcium in augmenting the co 
the potassium effect is seen, the result is not sc 
the effect of this salt as in Ringer’s experimen 
tion. The tracings also show that the presence 
latent period and prolongs the relaxation to a 
presence of potassium salt in the absence of « 
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ed ; in other words the presence 
id (Ringer XIV.) shortens the 


alts, In these observations I 
‘maximum contraction with 
fluid to Ringer XIV. minus the 
in normal doses (1 c.c. of 1°/, 
1 Figs. 4 and 5, which show that 


ie change was made from Ringer XIV. to 
it—i.e. containing only KCl. 


was made in the reverse direction. | 


ye had been made from Ringer's 
contractions gradually diminish 
for a certain strength of the 
wever, it is found that the now 
id earlier, t.¢. the latent period is 

This result confirms the obser- 
ction of K salts (4), although at 
tracirigs with those he obtained. 
ger XIV. the same sort of curve 
g. 5). These tracings show the 
g the contraction, and although 
is not so striking in establishing 
xperiments on the heart prepara- 
presence of calcium shortens the 
tion to a slight extent, while the 
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ite direction, 7.e. prolongs the latent period and causes 
ion. These.results will be seen better when we come 
of the salts. 

1iry concerns the perfusion of calcium salt alone, and 
certain how far the presence of normal doses of 
es this effect. From a series of experiments I am 
hat the calcium salt produces the same effect by itself 
resence of a normal dose of potassium salt. Probably 
actions are sustained for a long time at the same 
ustion of the muscle is therefore prevented by the 
of Ca and K salts in normal doses, This however’ 
le, for, if we wait long enough, certain physical factors, 
ome into operation and fallacies are introduced in the 
t, the presence of Ca and K salts in normal doses does 
ibly the part played by the latter salt (see Fig. 12). It 
refore that the muscle preparation is not a delicate 
to bring into marked prominence the important part 
mall doses of KCl or CaCl,, which was shown by 
nents upon the heart preparation. There is however 


1, When the change is made from stronger doses of CaCl, to normal 
1, 2, 3, 4, stronger doses of CaCl,. 6, KCl in normal dose. 


ng the effect of KCl when the change is made from normal dose 
(Ringer XIV.) to toxic doses of KCl (10 o.c. of 5°, sol.). 
1=Ringer XIV. circulating. ; 

2= +2 ¢.c. of 5°), sol. of KCl. 

8= 4» +10 6.0. of 5%, sol. of KCl 

ns obtainable even with coil at 0°. 
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another way by which the importance of potassium salts may be 
demonstrated in a muscle preparation. .If during the circulation of 
Ringer XIV. a little more KCl solution is added, we then get the 
“staircase effect”. described by Ringer® for the heart preparation. 
This is seen in Figs. 10 and 13. It appears therefore as though the 
Ca effect is brought into prominence in the presence of K salt. 

(3) Towie effects of calciwm and potassium salts. It remains to 
touch on the effect of toxic doses of calcium and potassium salts on 
the skeletal muscle. I have found that the above-noted effects of these 
salts are well seen when toxic doses just begin to operate. As will 
be seen. from Figs. 6, 7, 8, 9, the remarks above made on the nature 
of the latent period, height of the contraction and relaxation, apply 
still more with toxic doses of Ca or K. 

Further, one can demonstrate the antagonising effect of KCl against 
that of CaCl,, by exhibiting toxic doses of these salts to a skeletal 
muscle, just as Ringer has shown the physiological antagonism of 


Fig. 8. Effect of subtoxic doses of CaCl,. Coil at 10 om. 
=No contraction when large dose of KCl was circulating. 
1, 2,8, 4=Tracings with 2 c.c. of 5 °/, sol. of CaCl, added to the KCl fluid. 


Fig. 9. Effect of changing small doses of CaCl, to larger doses. — 
1=1 of CaCl, 1°/, sol. in 100 of NaCl 0°6 °%,. 
2, 8, 4, 5=2 c.c. of 5°), sol. of CaCl, added’ to (1). 


these salts in normal doses on a heart preparation. Thus a large dose 
of CaCl, (say 3 to 6c.c. of 10°/, solution to 100 of NaCl 0°6°/,) when 
made to circulate through a muscle preparation rendered quiescent by 

the perfusion of NaCl 0°6°/,, after producing a marked improvement in 
the contractions for some time, manifests its toxic effects by gradually 
weakening the contractions, until a time arrives when these become 
completely abolished (Fig. 13). Now if we exhibit a toxic dose of KCI (say - 
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lution to 100 of the circulating fluid containing 
,) to a muscle thus poisoned by CaCl,, we observe 


1ce of KCl in a fluid containing CaCl,, producing 
the ‘‘staircase” phenomenon. 


the muscle loses its excitability and irritability, 
ase of its existence under the influence of both the 
bserved when the two poisons not only antagonise 


2 taken in an cedematous limb without and with CaCl,. 


make the contractions appear at their best, and 
phenomenon” (described by Ringer in reference 
® is brought into view (Fig. 13, D). 
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doses of CaCl, the presence of norma! doses of KCl 
réle of KCl—i.e, does not imprint any marked change 


circulating, B=0°6°/, NaCl sol, 
of 1°/, sol. to 100 of saline. 

f 1°/, KCl to 100 of saline. 

of 1 °/, sol. to 100 of saline. 

LO of 1°/, sol. of CaCl, . 

sol. of KCl. 


i il 


of toxic doses of CaCl, and KCI. 


to 100 of saline. 

0 of saline +6 0.0. of 5°/, sol. of KCl. 
Ringer’s staircase. 

; in every 5 seconds. Coil at 14°5 cm. 
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CONCLUSIONS. 


Ringer’s nutrient fluid and saline solution (0°6°/, NaCl) when 
ting through a skeletal muscle of Rana hexadactyla behave 
as while perfusing through the heart, the effect of the latter 
ing : | 
a) The gradual diminution of the contractions until no con- 
ns are obtained for a particular stimulus applied indirectly or 
b) The production of edema—as observed by Ringer. 

The time taken to produce this effect in Rana hexadactyla is 
ort, being counted only by a few minutes. 

Prolonged circulation of NaCl 0°6°/, solution through a skeletal 

produces no contraction remainder in Rana hexadactyla, nor does 

luce the fibrillary tremors, nor is any alteration in the relaxation 
of the contraction noticed under this condition—as observed by 
rin Rana temporaria. 

The long latent period observed even under normal conditions 
er lengthened by NaCl 0°6°/, solution. | 

A skeletal muscle preparation can be used to demonstrate, just 
1 Ringer’s heart preparation, that it is the calcium salt which is 
sible for the manifestation of the contractions, which augment 
its influence and reach a maximum by a regular gradation. 

A calcium salt circulating through a skeletal muscle in 
. doses diminishes its latent period and slightly prolongs the 
ion phase of its contraction. 

A potassium salt in normal doses in the presence of normal doses 
Icium salt does not produce any marked alteration in the con- 
ns of muscle which is under the influence of the calcium salt in 
doses ; in other words, the skeletal muscle preparation does not 
to be a delicate enough machine to bring into prominence the 


ant part which Ringer has established for the Ca and K salts in - 


loses in the frog heart preparation. 

The “staircase phenomenon” is demonstrable when three 
he usual dose of potassium salts is introduced into the circula- 
uid. 

The characters impressed on the skeletal muscular contractions 
normal dose of K salts or Ca salts are much better seen when 
alts are used in subtoxic doses. 
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(10) A toxic dose of either K salt or Ca salt alone leads to abolition 
of the contractility and irritability in the muscle. 

(11) The presence of both these salts however, for a time at least, 
can antagonise each other's poisonous effects as seen by augmentation 
in the contractions, which show the “ staircase ” character. 

(12) The effects of Ca and K salts on skeletal muscle in Rana 
hexadactyla appear to be the same as those shown by Ringer on the 
heart muscle of Rana temporaria. ie : 


(1) 

1901, 
(2) 
(3) 


(4) 


(5) 
(6) 
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A CONTRIBUTION TO THE CHEMISTRY OF PRO- 
TEIDS. Part II. The Constitution of Tryptophane, and the 
Action of Bacteria upon it. By F. GOWLAND HOPKINS 
AND SYDNEY W. COLE. | 


In the first part of this communication we described the separation from 
the tryptic digestion products of casein of: a substance capable of giving 
the glyoxylic (Adamkiewicz) reaction. This substance was found to 
yield also the tryptophane reaction with halogens. 

Since Tiedemann and Gmelin? in 1831 first described the colour 
reaction given by pancreatic juice when treated with chlorine water, 
and Claude Bernard? in 1856 showed that the same reaction could be 
obtained from the tryptic digestion products of casein and from the 
products of putrefaction, many workers, beginning with Kiihne‘, have 
concerned themselves with the phenomenon. The literature of the 
subject comprises, however, chiefly accounts of work upon the coloured 
halogen derivatives themselves. As regards isolating the parent sub- 
stance most observers have contented themselves with reporting their 
failure in the attempt. Neumeister’, though he did not follow up the 
matter, suggested that amyl alcohol might prove a solvent capable of 
extracting the substance from digestion mixtures, but Stadelmann® 
immediately afterwards showed that success was not to be attained by 
the use of this solvent. So far as we know no other suggestion had 
been made until we described the use of mercuric sulphate as a pre- 
cipitant. 

[Reference must be made however to the observations of Ferd. Klug 
published in 1901. This author isolated from the products of the 
self-digestion of the pancreas an amorphous pigment, and his analyses 
of the product correspond with the formula C,H,NO,. This pigment 


1 Part I. of this paper will be found in this Journal, xxvu. p. 418. 1901. 

2 Die Verdauung nach Versuchen, 2. Aufl. Heidelberg. 1831. : 
3 «* Mémoire sur le pancréas”; Comptes Rendus, Supplément 1, p. 403. 1856. 
* Berichte d. D. chem. 206, 1875 ; Zeit. f. Biol. and xx. 

5 Zeit. f. Biol, xxvi. 381. 1890. ® Ibid, p. 503. 
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gave with chlorine water a colour reaction similar to the tryptophane 
reaction’. The pigment is not formed during the ordinary digestion of 
proteids by trypsin, but only when the pancreas itself is employed, and 
Klug believes it is produced by the secondary action of an oxidase 
present in the gland. Pigmented products are certainly formed by the 


action of oxidases upon tryptophane, and it is of course possible that — 
such may retain the nucleus responsible for the halogen reaction; but — 


the method employed by Klug for the isolation of the pigment is 
scarcely one to guarantee purity, and, as a matter of fact, the description 
suggests that the final product could scarcely fail to contain tryptophane. 
In any case it is clear that Klug does not put forward his pigment as 
the normal precursor of the coloured halogen products when obtained 
after the uncomplicated hydrolysis of proteids by trypsin. It need not 
therefore further concern us here. It it well, however, to indicate that 
the paper just discussed introduces some confusion into the nomenclature 
of the subject. Stadelmann gave the name proteinochrome to the 
coloured halogen products, and indicated the, to him, unknown precursor 


_ by the term proteinochromogen. As Stadelmann has been followed 


by many writers it is somewhat unfortunate that Klug should attach 
the first name to a pigment which, if related to the halogen reaction 
at all, ranks as a precursor.] : 

The substance isolated by us has the constitution C,,H,N,O,, and 
those who have in mind the high molecular weights which have been 
hypothetically ascribed to tryptophane (Beitler’, eg., suggests the 
formula CyHy.N.0,S) may, d priori, find some difficulty in identifying 
with it a substance of comparatively simple constitution. But it should 
be remembered that calculations leading to such complex formule are 
based entirely upon the assumption (arising from analyses of the halogen 


derivatives) that tryptophane would be found to contain sulphur. 


Yet Nencki from his later work upon the halogen products came 
to the final conclusion that the sulphur found by himself and other 
observers was due to impurities, a conclusion with which Kurajeff* 
fully agreed, As a matter of fact the preparation of the halogen 
derivatives direct from a digestion mixture, without previous purifica- 
tion of the mother substance, offered small chance of obtaining material 
fit for analysis. But it is worthy of note that Kurajeff, who separated 
albumoses with ammonium sulphate before brominating, and certainly 


1 Pfliiger’s Archiv, uxxxvi. p. 194. 1901. 
. 2 Berichte, xxx1. 11., 1604. 1898. 
Zeitsch. f. physiol. Chem. xxvt. p. 501. 1899. 
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dealt with purer products than those analysed by any other worker, 
obtained figures for his red body which agree to a reasonable extent 
with what would be given by a monobrom-derivative of C,,H,,N,O, He 
himself, indeed, emphasises the fact that the ratio of carbon to nitrogen 
is 11; 2, 


In any case, however, no one who is familiar with the halogen 
reaction as given by pancreatic digestion mixtures, and who prepares _ 
the pure substance described by us, will an for a moment that he 
is handling tryptophane itself. : 


Il. Addenda to the Description of the Separation of Tryptophane 
| from Casein (Part I. p. 420). 


With the possible exception of tyrosin there is—when casein is employed—no product 
of tryptic digestion more easily obtained in the pure condition than tryptophane. 
Difficulties only arise in connexion with improving the yield. Unless certain precautions 
are attended to the first crop of crystal leaves syrupy refractory mother-liquors which 
refuse to give further crystals though containing a considerable proportion of the product. 

One factor of importance here is the time allowed for the original digestion. Although 
pure tryptophane can be obtained by the. mercuric sulphate method at a very early stage 
of casein digestion (24 hours, or less, with a strong ferment), yet the precipitant throws 
down in small quantity certain of the albumoses present, and these prevent complete 
separation at the final stage of the process. It is well therefore that the digestion should 
be as thorough as possible. Neumeister! found that glycerin extracts of pancreas, after 
developing the tryptophane reaction upon standing, lose it again when kept for a longer 
time ; and he himself as well as others have concluded that prolonged digestion destroys 
the substance. Our own experiments, so far as they have gone, lend no support to this 
view, and we believe, that such disappearance of the product is due either to oxidases 
_ (when the pancreas itself or fresh extracts are dealt with) or (in other cases) to putrefaction. 
We do not claim to have proved that the ultimate action of trypsin is negative; but our 
best yields have been obtained after somewhat prolonged digestion—ten to eleven days 
with a strong ferment. The proportion of casein in the original mixture should not be 
too great, about 100 to 150 grammes per litre being best. It improves the yield very much 
if great care be taken at the last stage of the process, before evaporation (Part I. page 422), 
to leave no excess at all, either of sulphuric acid or of barium hydrate, in the solution. 

The above points having received attention, two other considerations should be borne 
in mind at the last stages of the process to ensure a maximum yield. First, some 
alcohol should always be present throughout the evaporation of the impure solution, 
obtained on decomposition of the mercury compound, from which tryptophane is to 
crystallise ; this diminishes the formation of pigmented products, which interfere with 
crystallisation. Second, by the time concentration has proceeded to a small bulk, the 
water should have been, so far as is possible, replaced by alcohol; but the alcohol should 
not be added at any one time in sufficient quantity to produce an amorphous precipitate. 
The basin should not be set aside to cool until a considerable quantity of crystals has 
already separated while on the water-bath. 


1 Loc, cit. p. 330. 
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The product first obtained is, as might be expected, composed of minute crystals, and 
is always more or less pigmented. It should be thoroughly drained at the pump, and 


washed, first with 60 per cent., and then with stronger alcohol. 


The final. purification, which should yield white is in 
the manner previously described (Part I, p. 422). 


The fact that the mercuric sulphate reagent has some precipitating 
power for albumoses and peptones makes it rather less easy to separate 
a crystalline product from proteids other than casein. The albumoses 
do not of course disappear during the digestion of most proteids with 
the rapidity shown in the case of the milk proteid. If therefore the 
mercury reagent is to be applied direct to the digestion products, the 
digestion must be thorough and prolonged. 

Fortunately however the presence of abundant ammonium sulphate 
does not interfere with the use of the mercury reagent; and our 
experience indicates that the peptones, left after ammonium sulphate 
saturation, do not prevent the acquisition of a pure product at any 
stage of digestion after a good reaction with bromine has once been 
obtained. 

In working therefore with the digestion Sica from fibrin, serum 
proteids, and egg albumin, we filter the digestion mixture, make it 
faintly acid with sulphuric acid, and saturate with ammonium sulphate. 
After filtering off any precipitate formed, we dilute with an equal bath 
of water, add sulphuric acid up to about 5 per cent. by volume, then 
add the mercury reagent, and afterwards proceed exactly as.with casein 
products. 

One point may be mentioned here. Fibrin and the serum proteids 
yield, as Mérner’s' work has shown, much more cystin than does casein. 
Now mercuric sulphate precipitates cystin from sulphuric acid solutions 
with great completeness; the cystin coming down, as we have before 
stated, earlier than tryptophane. From the products of the acid 
hydrolysis of serum albumin—and of course from those of hair and 
horn—it precipitates cystin abundantly; and, we believe, offers quite. 
the best means of obtaining this substance pure. But from the 
pancreatic digestion products of the blood proteids (our experience 
relates chiefly to fibrin) one seems to have to deal with but very little 
cystin, at stages when the yield of tryptophane is comparatively large. 


' Zeitsch. f. physiol, Chem. xxxtv. 207. 
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It is usually only necessary to proceed as with the casein products 
(Part IL. p. 421)—that is to say, to add (at the second stage of precipita- 
tion) just enough of the mercury reagent to produce the first indication 
of a definite coherent precipitate, to wait half-an-hour, and then filter. 
In’ the filtrate there is now too little cystin to interfere with the 
subsequent purification of the tryptophane. We have not worked with 
the products of a digestion which had extended beyond two or three 
weeks. 

_ As regards the quantitative yield of tryptophane from various 
proteids we have as yet no data to offer worthy of attention. 


IV. Action of Bacteria upon Tryptophane. 


The preliminary study of tryptophane having indicated so clearly 
that it is a skatol or indol derivative, we proceeded as a first step 
towards a fuller investigation of the substance to ascertain if it would 


prove to be the parent of those various compounds of the indol group, 


which, since the work of E. and H. Salkowski, Nencki, and Brieger, 
have been so well known as putrefactive products. 
It has been long known that tryptophane arises at an early period 


during the putrefaction of proteids. Claude Bernard was the first — 


to notice the fact, in so far that he observed the colour reaction with 
halogens at a certain stage in the septic maceration of organs. 

The reaction is always to be observed at an early stage of putre- 
faction, but disappears later; and the tryptophane is doubtless produced 
by the proteolytic ferments of the bacteria, only to be further changed 
by other enzymes or by the living processes of the organisms. _ 

We may say at once that it proved an easy matter to obtain indol 
and all the related substances—skatol, skatol-carbonic acid, and skatol- 
‘acetic acid—by the action of bacteria upon tryptophane. It shows 
itself unequivocally-to be the precursor of these in putrefaction. 

' These products may be obtained, as we have repeatedly found, when 
bacteria are grown in solutions containing only tryptophane and the 
necessary mineral salts, 

But under these conditions, owing to the poor development of the 
organisms, the yield is comparatively small; and in the experiments 
to be described, in which the intention was to separate the products 
in pure condition, some pure gelatine was added to the culture medium. 
_ The absence of the indol-yielding nucleus from gelatine is a well- 
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established fact. Maly' and Nencki* showed that it gave no indol 
or skatol on potash fusion or putrefaction; Drechsel* that neither of 
these was obtained from it on putrefaction; and Salkowski‘ that a 
dog’s urine becomes free from these substances during gelatine feeding. 

Of significance too is the fact that pure gelatine, and its digestion 
or putrefaction products, yield, as we have found, no trace of colour 
reaction with glyoxylic acid, though all the indol derivatives from 
proteids, like proteids themselves, yield such abundantly*. Correlated 
of course with this is our complete failure to separate any trace of 
tryptophane from the products of gelatine hydrolysis. It is an interesting 
coincidence that the three substances which are most characteristically 
precipitated by the acid mercuric sulphate reagent from the products of 
proteolysis, tryptophane, tyrosin, cystin, are just those which are not 
represented in the molecule of gelatine. In contrast with the bulky 
precipitate yielded by proteids after hydrolysis, pure gelatine may yield 
no precipitate at all with the reagent, or, at most, a minute quantity 
after long standing. 

All these facts would perhaps in themselves justify the use of 
gelatine in the experiments we are to describe. Nevertheless, in every 
case, whether the fact be mentioned below in connexion with the 
experiment or not, a control was always carried out, in which the 
bacteria used were grown upon the medium used, but with omission of 
the tryptophane. In no case did these controls show any trace of indol, 
skatol, or the skato] acids. 


(a) Production of Indol, Skatol, and Skatol-carbonic Acid. 


_ Wishing to imitate the conditions under which these compounds 
were originally obtained from proteids, we first inoculated tryptophane 
solutions with the ordinary mixed putrefactive bacteria, 


Experiment I. To a tap-water solution of 5 grammes of Rochelle salt, 
0-2 grammes ammonium phosphate and 0°] grammes magnesium sulphate in 
the litre, tryptophane was added to the extent of about 1-0 grammes per litre. 
The mixture was inoculated with a minute quantity of putrid pancreas broth, 

1 Monatshefte f. Chemie, x. 26. 1889. - 

2 Berichte, vu. 1., 1593. 1874. 

3 Drechsel in Ladenburg’s Handwirterbuch, m1. 

4 Centralbl. f. d. med, Wiss. No. 46. 1876. 

5 Hammarsten has previously shown that the Adamkiewicz reaction in its original 
form is not given by gelatine (Lehrbuch, 4th Aufl., 55). Whatever doubt may still be left 


ee it certainly gives no trace of the 
glyoxylic reaction. 
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and placed in the incubator. No indol reactions were obtained for the first 
few hours, but after 24 hours the culture gave a marked nitroso-indol reaction 
with yellow nitric acid. After a week the mixture was distilled. The 
distillate smelt strongly of indol or skatol and gave brilliant indol reactions. 
The residue in the retort gave with great intensity all three of Salkowski’s 
colour reactions for skatol-carbonic acid?. 


Experiment II, Three grammes of tryptophane were dissolved : in two 
litres of a one per cent. solution of pure gelatine containing the same salts 
as those used in Exp. I. The mixture was inoculated with a drop of putrid 
pancreas infusion and allowed to stand in the incubator for 16 days. At the 
end of this time it smelt strongly of indol and was alkaline from ammonia. 
While still alkaline it was distilled. White waxy crystals separated from the 
first portions of the distillate, which gave abundantly the colour reactions of 
indol. Distillation was continued until the absence of a nitroso-indol reaction 
showed that indol had ceased to come over. The residue in the retort now 
gave in a marked manner the colour reactions of skatol-carbonic acid. 

The distillate was neutralised, extracted with ether, and the united ether 
extracts evaporated at low temperature. The residue was crystalline but 
somewhat pigmented. It was dissolved in hot water and the solution 
redistilled. From the second distillate there was obtained by extraction with 
ether, 0°53 grammes of a white crystalline product which melted at 52° and 
had all the characters of pure indol. 

From the residue of the original distillation, skatol-carbonic acid was 
obtained as follows. The contents of the retort were acidified with sulphuric 
acid and boiled for some time over a free flame in order to drive off a part of 
the volatile fatty acids present, It was then cooled, made strongly acid with 
sulphuric acid and extracted with ether. The ether extracts were washed by 
shaking with water, and evaporated, leaving a crystalline but deeply pigmented 
residue. The residue was dissolved in boiling water, and the hot solution 
filtered from some resinous material. The filtrate was cooled, mixed with 
5 per cent. of its volume of sulphuric acid and the skatol-carbonic acid 
precipitated from it by means of the mercuric sulphate reagent. The mercury 
precipitate was thoroughly washed with large quantities of water until free 
‘from adherent fatty acids, and was decomposed with hydrogen sulphide. 
The filtrate from the mercuric sulphide, which was of a deep red colour, was 
not heated, but freed from the greater part of its hydrogen sulphide by means 
of a current of air, and then thoroughly extracted with ether. The residue 
left on evaporation of the ether was still pigmented. It was dissolved in hot 
water-and the solution boiled with a minimal quantity of charcoal. This 
removed not only pigment, but the chromogenic material which at all 
_ previous stages of the process led to reddening of the product. After removal 
1 Zeitech. f. physiol. Chem. 1x. 1884. 
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of the charcoal the skatol-carbonic acid crystallised out on concentration and 
thorough cooling of the solution. Once en from hot benzol it 
yielded white crystals. 

The yield was only 0:38 gramme, but the loss during purification was, 
of course, large. Charcoal if used too freely tends to remove a considerable 
proportion of the substance. 

The product melted sharply at 165°, and had all the characteristics 
described by Salkowski for skatol-carbonic acid'. Upon heating it broke up 
into carbonic acid and skatol (infra). ; 

We have carried through several experiments on the lines of Exp. II. 
In one case from 5 grammes tryptophane we got nearly‘a gramme of pure 
indol, and 0°75 gramme of pure skatol-carbonic acid. 


Experiment III. Two grammes tryptophane were dissolved in 2 litres 
of a medium similar to that used in Exp. II. The mixture after sterilisation 
was inoculated with a pure culture of B. coli com. and incubated for 
3 weeks. From this we prepared 0-42 gramme of skatol-carbonic acid, 
melting at 162°, and a quantity of pure indol melting at 52°, which was not 
weighed. A ousileel culture grown on the medium without tryptophane gave 
no trace of either substance. 


It is noteworthy that in none of our .experiments did we get 
more than minute quantities of skatol left by the direct action of the 
bacteria. In E. and H. Salkowski’s putrefaction experiments with | 
flesh it was also rare for any appreciable quantities of skatol to appear 
side by side with indol. They obtained more when fibrin was used’. 

Experment IV. A quantity of pure skatol-carbonic: acid, obtained by 
the action of putrefactive bacteria upon tryptophane, was heated at 180° for 
half-an-hour, The residue on steam distillation gave a distillate from which 
white pearly plates separated. This distillate yielded to ether a fine white 
crystalline product melting sharply at 95° and having all the characteristics 
of pure skatol. 
| (b) Skatol-acetic Acid. 

Nencki’ obtained this compound from the products of the action of 
anaérobic bacteria upon proteids, and got the best yield when using the 
Rauschbrand bacillus (bacillus of Quarter Evil). 

We therefore the action of this organism upon 
phane. 

1 Zeitech. f. physiol. Chem. rx. 23. 
2 Ibid. vim. 442, The relative yield of skatol 
in the species of bacteria, as suggested by Salkowski; but differences in the culture 


medium may affect the chemical energy of an organism. 
3 Sitzungsb. d. k, Akad. in Wien, xovm., u. Abth. B, 397. 1890. 
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In each of our experiments a culture medium containing 1 per cent. 
gelatine with the necessary salts was employed. To this was added 
tryptophane in the proportion of about 2 grammes per litre. 

The apparatus used consisted of a large flask, having an inlet tube 
passing through a rubber cork to near the bottom of the flask, and 
provided with a stopcock. A short exit tube bent at right angles 
was also provided. Both tubes were plugged loosely with cotton-wool. 


The flask was filled to near the shoulder with the tryptophane culture _ 


medium, the cork and tubes replaced, and the whole apparatus and 
contents sterilised. 

After inoculation with the organism the exit tube was connie by 
rubber pressure-tubing to a small Erlenmeyer flask. containing potash 
solution. In this flask was also a test-tube containing dry pyrogallol, 
so placed that its contents could be later tipped into the potash by 
inclining the flask. On the exit of the Erlenmeyer flask was a mercury 
valve. Dry hydrogen was next passed through the apparatus for three or 
four hours. The stopcock of the inlet tube was then closed, and the 
pyrogallol mixed with the potash in the Erlenmeyer flask. The efficient 
removal of air was shown by the absence of any browning of the pyro- 
-gallol solution. The whole apparatus was now incubated for two or 

three weeks. 


ExpPeRIMENT V. Three grammes tryptophane, in two litres of culture 
medium, inoculated from a Rauschbrand culture, were incrbated in the above 
apparatus for three weeks. The contents of the flask were then distilled 
while still alkaline, and the distillate showed a slight nitroso-indol reaction ; 
but the amount of indol was very small. Distillation was continued till all 
the indol had come over, and the contents of the retort were then acidified 
with oxalic acid, and boiled to remove volatile fatty acids, which were present 
in very small quantity only. The acid solution was cooled and thoroughly 
extracted with ether. The ether extracts left a pigmented residue not 
completely crystalline. When dissolved in a minimal quantity of boiling 
water, and filtered free from resinous products, it gave a solution which 
on cooling in the ice-chest deposited crystals freely. These were filtered 
off at the pump, and after one recrystallisation from hot water a pure 
product was obtained. 

It had all the properties of Nencki’s acid, melting sharply at 134° 
(uncorr.). The crystals were, as described by Nencki’, in the form of 
prisms or irregular six-sided plates similar to urea nitrate. In moderately 
strong solutions it gave with potassium nitrite and acetic acid the highly 

| 1 Loc. cit. p. 405. 3 
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characteristic nitroso-derivative of skatol-acetic acid, which separates as a 
magma of small yellow needles, melting at 135° with evolution of gas. The 
yield of pure product in this case was no less than 1°8 grammes, or 65 per 
cent. of the theoretical. 
Analyses. 
0°1440 grm. gave 9:20 c.c, of moist N at 766 mm., and 17°C. =7°46 per. 


cent, nitrogen. 
0:2036 grm. gave 0°5223 CO,, and 0°1115 H,O; C=69-99; H=6-03. 


Found Calculated for 


Hy, NO, 
69°99 69°84 
HH 6°03 5°82 

N 7°46 741 


Experiment VI. The conditions of this experiment were exactly those 
of the last, save that B. coli communis was used instead of the Rauschbrand 
bacillus. The yield of pure skatol-acetic acid was a little over 1 grm. from 
3 grms. tryptophane. The product melted at 134° and gave 7°39 per cent. 
nitrogen. 

We made several other preparations of skatol-acetic acid on similar 
lines. To get a good yield it is most important that the conditions 
of growth should be absolutely anaérobic. Otherwise the Rauschbrand 
bacillus does not of course grow well, and the B. cols easily forms indol 
and skatol-carbonic acid, the presence of the latter making more difficult 
the preparation of pure skatol-acetic acid. 


The above observations show plainly that tryptophane is the parent 
compound of all the substances of the indol group which have been 
obtained from proteids. ‘Whether it is the sole precursor is perhaps 
less certain, though in our own belief it will be found to be so. In this 
connexion it must be remembered that a base, skatosin, has been 
described! from Hofmeister’s laboratory, obtained in small quantity 
_ from the autodigestion of the pancreas, and possibly from the digestion 
of other proteids. It has the composition C,H,N,O, and yields on 
potash fusion an odour resembling that of skatol. It is admitted that 
the high proportion of hydrogen suggests that the indol nucleus is not 
preformed in skatosin, but is formed during fusion’. 


1 Fritz Boum. Zeit. physiol. Chem. xxvii. p. 210, 1899 (addendum to a paper by 
H. Landolt); Baum, Hofmeister’s Beitrige, m1. p. 439, 1908; R. Swain, ibid. 442. 
2 Swain, loc. cit. 
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V. The Constitution of Tryptophane. 


The percentage composition of tryptophane corresponds beyond all 
question to the empirical formula C,,H,,.N,0,. 7 

The full analytical data given in Part I. of this communication have 
been amply confirmed by all that we have obtained since; we need add 
here only the results of some determinations made upon a pure specimen 
of the hydrochloride. This was prepared by adding hydrochloric acid, 
slightly in excess of the calculated quantity, to pure tryptophane 
dissolved in methyl alcohol, and evaporating in vacuo. The product was 
recrystallised from methyl alcohol, and consisted of fine white macro- 
scopic needles. 


0'226 grm, gave 22:3.c.c, moist N at 14°-5 and 765mm. N=11-66 per 
cent, 
_ 0°2500 grm. dissolved in nitric acid and titrated by Volhard’s en 
gave 00368 chlorine. Cl= 14:72 per cent. 


Found Calculated for 


C,,H,,.N,0,, HCl 
Nitrogen 11°66 1164 
‘Chlorine 14:72 14°76 


A substance having the formula C,,H,,N,O,, and yielding good 
evidence for the presence of the indol nucleus in its molecule; a 
substance possessing acidic properties, while yielding a stable hydro- 
chloride ; a substance appearing among the tryptic digestion products of 
proteids which are so characteristically of the nature of amido-acids,— 
does not present many possibilities of constitution, and we felt justified 
in suggesting, even from the observations described in the first part of 
this paper, that tryptophane would prove to be either indol-amido- 
propionic acid, or skatol-amido-acetic acid. 

Now the easy production of the skatol-acids by bacteria removes s the 
first of these formula from consideration ; while, all other evidence apart, 
it makes the second extremely entail. 

There remains, it is true, the possibility that the substance is an 
amido-skatol-acetic acid, with the amido-group either replacing hydro- 
gen in the methyl group, or (on a very unlikely hypothesis) present in 
the benzene ring. Apart from their small probability considered on 
general grounds, either of the constitutional formule just mentioned 
would involve a symmetrical structure, whereas tryptophane is an 
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optically active compound. The specific rotatory power of the product 
obtained by the use of mercuric sulphate is [aD = ]— 33. 

On full consideration it will be admitted that if the high yield of 
skatol-acetic acid under the influence of anaérobic bacteria stood alone 
as evidence, it would point almost conclusively to the constitution of 
skatol-amido-acetic acid for tryptophane. 


OH, CH, 
C,H, <>. . CH (NH,). CO,H + H,=0,H, SC. CH,.00,H + NH,. 


Skatol-amido-acetic acid Skatol-acetie acid 


The removal of amido-groups from amido-acids in the above manner 
by bacteria is now a familiar phenomenon; and under anaérobic 
conditions the action may characteristically stop short at such removal 
of amido-groups. 

We need mention only the cases of tyrosin and phenyl-amido- 
propionic acid, which are so much to the point. 

Baumann found that tyrosin, digested with putrefying eco | 
split up into ammonia and oxyphenyl-propionic acid’. 


HO .C,H,.CH,. CH (NH,) CO,H + H, 


= HO.C,H,.CH,.CH,.CO,H + 


‘Nencki found the same change was brought about by the anaérobic 
growth of the Rauschbrand bacillus’. 

E. Schulze* found that phenyl-amido-propionic acid is changed by 
aérobic bacteria into phenyl-acetic acid, the change occurring in two 
stages ; phenyl-propionic acid is first produced, and then, in the presence 
of air, oxidised to phenyl-acetic acid. In Nencki’s anaérobic ex- 
periments the change stopped short at the first stage—the simple 
removal of the amido-group by reduction—and phenyl-propionic acid 
was obtained alone. | | 

With such analogies in view Nencki felt even justified in making 
the theoretical assumption that the precarsor of his skatol-acetic acid 
was the unknown skatol-amido-acetic acid. When a substance having 
the actual empirical constitution of the latter is found to be an actual 
precursor of the former, Nencki’s assumption appears to receive full 

| 1 Berl. chem. Berichte (1879), 1451. 


2 Loe. cit. 410. 
Zeitsch. f. physiol. Chem. vi. 202, 
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justification, and there remains little doubt about the real structure 
of that precursor. 

But we were anxious to obtain added evidence for the constitution 
of tryptophane upon lines more purely chemical. The most available 
evidence was got by the simplest and, in this cde case, perhaps 
the most obvious — of attack. 


Results of Potash 


The fecal odour given off by tryptophane when heated alone in the 
air appears to be largely due to indol; the volatile products give at any 
rate an abundant nitroso-indol reaction. It is, however, a familiar fact 
that skatol easily yields indol—e.g. when led through a red-hot tube. 
The heat decomposition of tryptophane is undoubtedly somewhat 
complex, and we have not studied it in detail. 

Quite different are the results of potash fusion, in which nearly pure 
skatol is given off abundantly. To avoid loss of skatol we fuse the 
product in a Jena glass distilling flask attached to a Liebig’s condenser. 
Some water is added to the mixture of the substance with potash, and 

upon heating abundant skatol collects in the condenser tube, or distils 
over into the receiving flask. This occurs before all the water has 
distilled from the fusion mixture, and we have got the best yields by 
avoiding heating for more than a short time after water has ceased to 
come off. It is better to cool, add more water, and again boil. During 
the concentration the skatol already formed distils over with the steam, 
and later, when the requisite concentration is reached, a fresh quantity 
collects in the condenser, With care this process may be repeated three 
or four times. When this method is- used it is well to employ a large 
proportion of potash—8 to 10 times the weight of. the substance, or 
even more. 

By such means we have obtained as much as 65 per cent. of what 
would be the theoretical yield of skatol from skatol-amido-acetic acid. 

The distillate contains abundant ammonia, and may give a slight 
nitroso-indol reaction. The product obtained, after neutralising the 
distillate and extracting with ether, is never quite pure, and usually. 
melts at a little over 90°. But after dissolving it in water, adding 
enough picric acid to convert it all into a picrate, making strongly 
alkaline with sodium hydrate, and redistilling, a pure product melting 
at 95° is obtained, without much alteration in the yield. | 

Ciamician with Magnanini! and Zatti? have described the formation of f-indol- 
carboxylic acid by fusion of skatol with potash. We have not attempted to separate this 
1 Berichte d. D. chem. Gesellech. xx1. p. 673. 3 2 Tbid. p. 1933. 
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substance from our products; but, as its aqueous solutions yield indol and carbonic acid 
on boiling, it is certainly not formed to any great extent under the conditions of fusion 
used by us, as we obtain so little indol in the distillate, The above authors speak of a 
bad yield of this substance. 

In the non-volatile residue from the potash fusion abundant oxalic 
acid can always be detected, and at times it is possible to show the 
presence of glyoxylic acid. Now, as inspection will indicate, ammonia, 
glyoxylic acid, and oxalic acid, are just the products which would be 
expected from the 2-carbon side-chain of skatol-amido-acetic acid, under 
the combined hydrolytic and oxidation influence of potash fusion. The 
results of this treatment offer therefore strong confirmation of the 
conclusions drawn from the action of bacteria upon tryptophane. 


We have studied the chemical behaviour of tryptophane in other 
aspects; but in this paper we propose only to give the results of an 
oxidation. This will illustrate the difficulty we have found throughout 
this part of our work in arriving at known products, or at products 
related to indol or skatol in any simple manner. The behaviour of indol 
derivatives containing side-chains of two or more carbons has scarcely 
been studied in any connexion; and, as it is therefore largely new 
ground,.a study of the general chemical reactions of tryptophane is 
likely to prove a lengthy matter. Its behaviour certainly shows 
unexpected aspects. | 7 

Oaidation by Ferric Chloride. 

As confirmatory evidence for the constitution, we hoped to obtain skatol-carbonic acid 
—so easily given by bacterial processes—by some simple chemical oxidation process. In 
this we have failed; oxidations of tryptophane involving, apparently always, much more 
complex reactions. 


We found, first of all, great difficulty in obtaining crystalline products of any sort by 
most of the ordinary methods, 

could isolate satisfactorily, and the same is true, e.g. of chromic acid and hydrogen 
peroxide oxidations. 

Tryptophane, however, readily reduces certain metallic salts. Gold and platinum 
chlorides are reduced with great freedom, and solutions of the former are turned purple 
in the cold by a mere trace of the substance, 

Ferric chloride is also reduced, and by. using this as an oxidising agent we have 
obtained two interesting derivatives, the constitution of which is however at present 
undetermined. Of these one (A) is extracted by ether from any aqueous solution ; the 
other (B) is a base and is not so extracted from the acid oxidation mixture. 

The best proportionate yields are obtained when the oxidation is carried out in dilute 
solution. About three grammes of substance are dissolved, per litre, in water. 

_ A solution of ferric chloride containing about five or six times the weight of substance 
taken is gradually added on the water-bath, The mixture is heated for an hour on the 
bath, and then boiled for ten minutes. The yield, which is, in the case of each derivative, 
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about 20 per cent. of the original tryptophane, does not.appear to be improved by longer 
heating, or by varying the conditions in any way. 

Substance A. The oxidation mixture is thoroughly extracted with ether, and the 
ether extract washed with water and evaporated. The residue is taken up in a minimal 
quantity of boiling water and filtered from resinous products while still hot, The filtrate 
is heated with a very small quantity of charcoal and again extracted with ether. The 
crystalline product left by the ether is dissolved in a little hot dilute sodium hydrate 
solution, and thrown out by saturating the solution with CO,. It separates as glistening 
rhombic plates which melt sharply at 195° (uncorr.). It exhibits neither acid nor basic 
properties and is extracted by ether from its aqueous solutions both when the latter are 
made acid or when they are alkaline. It sublimes on heating, unchanged. It is almost 
insoluble in cold water, moderately soluble in hot, and freely soluble in alkaline solutions, 
from which it is separated by CO,. It is freely soluble in aleohol. It gives an insoluble 
hydrazone when treated with phenyl-hydrazine acetate, but it does not reduce ammoniacal 
silver nitrate nor give Schiff’s reaction. The results of its analysis agree with the formula 
C,H,NO. 


0°1460 grm. gave 12°2 c.c. moist N at 16° and 750 mm. N=9°61 per cent. 
0°1270 grm. gave 10°4 c.c. at 14°5 and 766 mm. N=9°69. 

0°1815 grm. gave 0°4977 CO, and 0°0833 H,O. C=74:99; H=5:11. 
0°1506 grm. gave 0°4123 CO, and 0°0652 H,O. C=74'66; H=4°81. 

Mean of above. Calculated for C,H;NO. 


0 74°82 74:50 
H 
N 9°65 9°65 
10°57 10-03 


Substance *B, In our experiments the oxidation mixture from which substance 
A had been extracted with ether had been in all cases allowed to stand for some days 
before receiving further treatment. 

The mixture is heated on the water-bath to drive off any remaining ether, and while 
still hot it is treated with sufficient sodium hydrate to precipitate all the iron, which is 
found to be nearly all in the ferrous condition. It is filtered while hot through a rapid 
filter paper, and from the filtrate glistening plates rapidly separate on cooling, The 
substance is recrystallised from hot water, or, better, from hot dilute caustic soda. It 
melts sharply at 288°. It is soluble in alcohol and ether; insoluble in cold water, and but 
moderately soluble in hot water. It is a base which yields a well characterised double 
chloride with platinum. ‘Its acid aqueous solutions show a brilliant blue fluorescence. 
On heating above its melting point, it sublimes unchanged. ee 
of its platinum salt, correspond with the formula C,,H,,N,. 


0°165 grm. gave 21°6 c.c. N at 14° and 750mm. N=15°48. 
0°1460 grm. gave 0°425 CO, and 0°0713 H,O. C=79°38; H= = 5-42, 


Found Calculated for 
C 79°38 79°12 
H 5°42 5°49 
N 1548 15°38. 
0°2158 grm. gave 0-0540 Pt. 
Pt=25°08 per cent. 
PtCl, (C,H, HCl), requires Pi—25-12 per cent, 


empirical formuls. Their origin from the parent substance clearly involves a complex 
reaction, and without knowledge of their constitution it is impossible to suggest the lines 


4 
g 
“4 
4 
4 
on 
44 
iy 


466 F. G. HOPKINS AND S. W. COLE. 


upon which the reaction occurs. It may be worth while to note that both substances 
would be produced in accordance with the following equation : 
2 (C,,H,,N,0,) + O=C,H,NO + C,,H,)N, + 00, + NH, + 2H,0. 

Gorhenponiing with this is a definite, but characteristically small yield of carbon 
dioxide and ammonia during the oxidation. The mild character of the oxidative process 
employed is also suggestive in this connexion. 

The substance C,H,NO corresponds in composition with an axoudebdlins, and the 
production of a quinoline derivate from a skatol-acid would not be out of accord with 
known facts. Its properties agree in some respects with those of carbostyril, but it 
differs from this in giving a hydrazone. It is certainly not kynurin. 

The base C,,H,,N, agrees in composition, and also, exactly, in melting point, with 
2-amido carbazole. The properties of the latter do not seem to have been fully described’. 

An attempt will be made to obtain further information as to the nature of this 
oxidation of tryptophane from a fuller study of the products. There can be no doubt that 
oxidation, even by so mild an oxidative agent as ferric chloride, involves a preliminary 
splitting of the pyrrol ring. 

Although such results as those just discussed afford wb‘ treks sevidieies! 08 to the - 
constitution of tryptophane, it will be admitted that, however difficult of explanation, 
they suggest nothing to contradict the indicgnons given by bacterial action, and by 
potash fusion. 

On the high yield of skatol-acetic acid by anaérobic hahaa, a on 
the equally high yield of skatol, together with ammonia and oxalic acid, 
by potash fusion, we base the —— that tryptophane is skatol- - 
amido-acetic acid. 

CH, 
C 
OH (NH,) COOH. 
N 


Our observations remove the doubt which long held ground as to 
the preexistence of the indol grouping in the proteid molecule; they 
confirm Salkowski’s original contention that skatol and indol both 
arise from a common nucleus existing in proteids; and they leave the 
facts exactly as they were pictured hypothetically by Nencki—namely, 
that it is a skatol-amido-acetic acid nucleus which preexists, and from 
this arise in succession skatol-acetic acid, skatol-carbonic acid, skatol, 
and indol. 


-. The expenses of this research were defrayed throughout by a grant 
from the Government Grant Committee of the Royal Society. 


Summary. 
The constitution of tryptophane is skatol-amido-acetic acid. 
_ Under the influence of anaérobic bacteria it yields skatol-acetic acid, 
_ and under that of aérobic growths, skatol-carbonic acid, skatol, and indol. 
1 Blank, Berichte, xxrv. 306. 
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ON THE MECHANISM OF PHLORIDZIN GLYCOSURIA. 
By F. W. PAVY, LL.D. F.RS., T. G. BRODIE, MD., 
AND R. L. SIAU. (Four Figures in Text.) 


(From the Research Laboratories of the Royal Colleges of 
Physicians and Surgeons, London.) 


Introductory. The first prominent point to arrest the attention in 
the consideration of the mechanism of phloridzin glycosuria is the 
difference that exists in the amount of blood sugar in this as compared 
with the other forms of glycosuria. In human diabetes, the glycosuria 
following extirpation of the pancreas, Bernard’s piqire, and carbonic 
oxide poisoning, hyperglycemia is always. present in greater or less 
degree, and it is not uncommon for the amount of sugar to reach 4 to 5 
per 1000. In phloridzin glycosuria the amount of blood sugar is 
certainly not raised to more than a comparatively insignificant extent, 
if raised at all. It is generally asserted to be lowered. 

Von Mering, who in 1886 discovered the glycosuria-producing 
effect of phloridzin, concluded from his experiments that the glycosuria 
was not accompanied by hyperglycemia; and, to explain this anomaly, — 
suggested that the glycosuria was due to the phloridzin creating an 
increased permeability of the kidney for sugar, thus leading to the 
passage of the blood sugar into the urine. To meet this abnormal 
escape of sugar an increased output into the blood was considered to 
occur from the play of the supposed regulating mechanism. Minkowski 
subsequently propounded the theory that it is through the instru- 
mentality of the phloridzin itself that glycosuria is compatible with 
the absence of hyperglycemia. He suggested that the glucoside 
phloridzin is split up, in the kidney, into sugar, which is eliminated, 
and phbloretin, which .is retained and after becoming recharged with 
dextrose in the system, returns to the kidney as phloridzin, when the 
cycle of changes is repeated. No facts have been brought forward by 
Minkowski in support of this theory. 

With reference to the question of the amount of sugar in the blood, 
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which stands at the foundation of what has preceded, it has to be 
taken into account that there are many precautions to be observed to 
escape from fallacy in connexion with blood-sugar determinations, and 


it is not too much to say that a large amount of the work upon the 


subject shows the existence of error upon the face of it. A few years 
back a series of experiments was performed by one of us (F. W. P.) 
with the special object of obtaining precise information regarding the 


- state of the blood in phloridzin glycosuria. Scrupulous endeavours 


were exerted to avoid exposure to vitiating conditions. The phloridzin 
was injected subcutaneously into cats, and in successive experiments 
the blood was collected at varying periods within the five hours during 
which the glycosuria may be considered to have stood at its height. 
The mean amount of sugar for the 11 experiments performed was 
1°49 per 1000. In six observations conducted upon another occasion 
with the view of obtaining evidence of the amount of sugar present 
under normal circumstances in the cat, the mean of the figures given ” 
was 0°88 per 1000, showing that in cats the normal average is to 
some extent below that found under the influence of phloridzin. 


~Coolen™ experimented on rabbits and also found the blood sugar 


to be slightly increased after phloridzin. The same is stated by Bied] 
and Kolisch® to have been observed by them in dogs. 

The effect of phloridzin upon the amount of sugar in the blood 
in animals in which the kidneys have been removed supplies another 


_ point of distinction between phloridzin and the other forms of glycosuria. 


In the latter sugar production continues after ablation of the kidneys, 
as is rendered evident by the increasing accumulation of sugar noticeable 
in the blood. Elimination being prevented, the amount present in the 


blood rises to, it may be 9 or 10 per 1000”, and figures even as high 


as 129 per 1000 have been recorded by one observer. With phloridzin 
on the other hand all are agreed that under these conditions no rise of 
blood sugar occurs. 

Injection of phloridzin into renal artery. These facts indicate that 
in contradistinction to the other forms of glycosuria, that produced by 
phloridzin is due to some specific primary action of the kidney, and 
an experiment devised by Zuntz gives support to this view. This 
observer, operating upon the dog, injected phloridzin into the renal 
artery of one side, and found that the urine secreted by the corre- 
sponding kidney became saccharine before that secreted by the kidney 
of the opposite side, and that more sugar was eliminated y the injected | 


than by the non-injected kidney. 
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We considered it desirable to repeat this experiment of Zuntz 
and in several instances were able to confirm him. The following 
may be given as the best example. 


Exe. I. Large retriever dog was ansthetised with a.c.£.. mixture. 
Tracheotomy. A cannula was placed in each ureter. The right renal artery 
whilst remaining in sitw was cleared from the surrounding tissues. The 
abdomen was closed and one hour allowed to elapse in order to permit the 
kidney to recover from any disturbance that might have been occasioned. 
1 cc. of a warm 1 per cent. solution of phloridzin was then slowly injected 
into the renal artery through a needle passed obliquely through its walls. 
The. results are shown in the subjoined table. 


Quantity of sae in the urine 3 
, from the injected kidney from the non-injected kidney 
First 6’ none none 
Next 8’ _ present, but not determined quantitatively none 
Next 9’ 31 


Evidence in support of Zuntz’s results being thus obtained we next 
tried to ascertain if any glycosuric effect was producible by allowing 
the phloridzin-containing blood to pass through the kidney and 
- subsequently escape through an opening made in the renal vein. 
The renal artery and vein having been properly isolated, a fine injection 
_ needle was passed into the artery, and then simultaneously with the 
commencement of the injection the vein was clamped and snipped 
between the clamp and the kidney. Only a moderate-sized opening 
was purposely made in the vein, so as to avoid lowering the venous 
blood-pressure within the kidney more than necessary. In all the 
experiments performed the results were fruitless as no urine was 
secreted. 

Perfusion of kidney. We made use of an apparatus devised by 
one of us (T. G. B.) and described in a recent number of this Journai. 
The tubing from the receiver to the artery was fitted with a provision 
for rhythmic compression, so as to produce blood-pressure variations 
in imitation of the normal arterial circulation. To maintain the: 
temperature constant the apparatus was immersed in a water-bath kept 
at 37°C., the organ being enclosed in a metal case having inlet and 
outlet tubes connected with the other parts of the apparatus. 

Our experiments were commenced in the summer of 1899 and were 

continued at different times with the improvements that experience 
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suggested till 1901. One of these experiments was shown to the 
Physiological Society in Feb., 1900. | 
We were unaware at the time our nein. were started that 

work of the same kind was in contemplation by others. At the 
18th Congress of Internal Medicine in 1900, Bied] and Kolisch® 
brought forward a communication on the subject. Their experiments are 
given with very incomplete particulars. With regard to the glycosuria, 
all that is stated is that when phloridzin is added to the. perfusing 
blood the surviving kidneys secreted a saccharine urine. As regards 
the blood, they state that the amount of sugar in it became increased. 
This is in direct antagonism with the result obtained in every experi- 
ment that we have performed. They remark that in their perfusion 
apparatus it was impossible to prevent loss of blood. 

Charlier, we likewise find, has (in 1901) recorded ” some phloridzin 
perfusion experiments with the isolated surviving kidneys of dogs and 
rabbits. To his phloridzin-containing defibrinated blood he added 
sodium nitrate to help the diuresis, and obtained per hour 30 to 60 c.c. 
of clear urine containing a little proteid and 0°8°/, of sugar. The same 
result, he says, was obtained whether phloridzin was added or not. 

In conducting our experiments we in the first place perfused the 
excised kidney of the dog with blood simply containing the phloridzin, 
but found that the arterial constriction that quickly sets in prevented 
any proper flow of blood through the organ, and thus defeated the 

object to be attained. Attempts were made with the addition of chloral 
and amylnitrite to the blood as vaso-dilators, and it was then found 
that the difficulty previously encountered was overcome. 

We succeeded under favourable circumstances in obtaining a flow 
of urine for one to two hours. The urine first excreted was of a pale 
yellow colour, but as the perfusion proceeded it became tinged with 
hemoglobin, and gradually attained a deep blood-red colour, although 
microscopic examination failed to reveal the presence in it of blood 
corpuscles. In these experiments the urine obtained was always found 
to contain a certain amount of sugar, and it was noticed that as the 
experiment proceeded the sugar gradually diminished. To summarise, 
it may be said that the urine secreted during the first hour of the 
perfusion contained from 5 to 10 per 1000, during the second hour less 
than 5 per 1000, and afterwards, at the most, only traces. In some 
of the experiments urine was treated with phenylhydrazine, and the 
presence of sugar verified by the production of an osazone having the 
characters of glucosazone. 
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The blood employed was examined as well as the urine, so as to 
complete the information required in connexion with the experiments 


and permit of the comparison being made between the sugar of the 


urine and that of the blood. 
The following illustrative experiments wae be cited. 


Exp. II. Retriever: a.c.z, 500 c.c. of blood collected from the carotid, 
defibrinated and 6 ¢.c. of 20°/, solution of chloral hydrate and 0-8 g. phloridzin 
added, and the whole then filtered through linen. Whilst this was proceeding 
a kidney was carefully excised and a cannula placed in the renal artery and 
another in the ureter. 400 c.c. of blood used for perfusion. After perfusing 
for 34 hours only 140 c.c, remained. 

80 c.c. urine secreted — the first 2} hours, sugar 4:15 °/,, = 0°332 g. 

25 c.c. last hour »» practically none. 

Unperfused blood, 1:32 = 0°528 g. 

Perfused blood » 0°56 °/,,=0°079 g. 

Sugar missing from the perfused blood, reckoning from the sugar 
existing in the 140 c.c. of blood that remained after perfusion 0-449 g. 

Sugar present in the urine 0:332 g. 


Exp, III. Repetition of the above. 300 c.c. of blood used for perfusion. 


After perfusion for 2} hours 150 c.c, remained. 


-25.¢.c. urine secreted during the first } hour, sugar 6°75 °/,, = 0-169 g. 
60 c.c, ‘i » next 2hours, , 3:0°/,,=0°180 g. 
Unperfused blood that had stood in the bath during the 


perfusion .. sugar 1°06°/,.=0°317 g. 
Perfused blood » 0°36 °/,,=0°054 g. 


Sugar missing from she 0-263 g. 
Sugar present in the urine 0°349 g. 


Exp. IV. Repeat. 350.c. of blood used for perfusion. After perfusion 
for 1} hours 200 c.c. remained. 


28 c.c. urine secreted in first 4 hour, sugar 9°6°/,, = 0-269 g. 


65 c.c. » next? ,, = 0182 g. 
12 cc. » faint trace only. 
Unperfused blood that had stood in the bath during the 
perfusion «Sugar 1-07 °/,-= 0-374 g. 
Sugar missing from the blood 0°284 
Sugar present in the urine 0°451 g. 


1 In computing the amount of sugar disappearing from the blood we have calculated 
from the amount of blood that was actually collected. Of the reduction that occurred 


y 
a 
4 
| 
| 
ae 
| 
| 
| 
Be 
£ 
4 
‘ 
oy 
> 
af 
ng 


472 F. W. PAVY, T G BRODIE AND R. L. SIAU. 


In the subjoined particulars the results are shown that were 
obtained in two control experiments where the same procedure as in 
the others was adopted, except that no phloridzin was added to the. 
blood. 


Exp. V. Dog. CHCl,. Operative procedure as in the other experiments. 
400 ¢.c. blood and 5 c.c. of 20°/, solution of chloral perfused. The amount 
of urine secreted was very small, only 2}¢.c. being obtained in 24 hours. 
It gave only a faint trace of reaction with Fehling’s solution. The blood was 
not submitted to analysis. 


Exp. VI. Fox-terrier. 


3 p.m. Perfusion commenced with 300 ¢.c. blood and c.c. of 20°), 
chloral solution. 
6 p.m. Perfusion discontinued, 
Urine 20c.c. wine-coloured, sugar 0-5 °/,, = 0-010 g. 
Blood before perfusion 
Blood after » 


On comparing the results obtained in these perfusion experiments 
_ we see that in both sets, viz. those with and those without phloridzin, 
the amount of sugar in the blood fell, and that it did so to approxi- 
mately the same extent. In the phloridzin experiments a very distinct 
diuresis occurred, and though the urine did not-contain anything like 
_ the amount of sugar found in the urine of an intact animal after the 

Injection of phloridzin, yet it contained a very notable quantity, very 
much more than that found in the control experiments. The experi- 
ments therefore give decided evidence that the phloridzin acted upon 
the kidney, and through there being no tangible difference in the fall 
of sugar in the blood in the two sets, they further tell against the sugar 
eliminated being derived from the sugar of the blood. 


from the amount started with a considerable portion would be due to the urine secreted, a 
certain portion to the blood remaining in the perfusion apparatus, and another portion to 
that contained in the vessels of the organ. It is not possible to determine with any 
degree of accuracy the two latter amounts, but if we frame an estimation upon the basis 
of the amount of urine secreted a result is obtained which accords with what might be 
expected. For instance, in Exp. IV. we started with 350 c.c. of blood and finally collected 


*~ ~--“200 ¢e.c, The amount of urine obtained was 105 c.c., which only leaves a complementary 


45 c.c. to be accounted for, and with regard to this there is nothing unreasonable in 
assuming that 20 ¢.c. may have been retained in the congested organ and 26 c.c. left in 
the apparatus. In taking for our calculation only the volume of blood that was collected 
the missing sugar from the blood is made to appear greater than it would in reality stand, 
and thereby the result of the experiment is proportionately rendered less favourable to the 
view entertained by us. 
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Following upon our perfusion experiments we tried if any effect 
was producible by incubating minced dog’s kidney with phloridzin and 
blood, but failed to obtain any evidence of sugar production. 

Phloridzin injection after ablation of abdominal viscera. Failing to 
obtain conclusive evidence by the mode of experimenting so far adopted, 
we had recourse to another line of procedure. As was shown in a 
previous paper, it was found possible for a dog to remain alive for 
some hours after all the abdominal viscera, exclusive of the kidneys, 
had been removed. The effect on the blood sugar having been studied 
by two of us, we determined to ascertain how phloridzin acted under 
the circumstances. 

As long ago as 1886 it was demonstrated that geese from which 
the liver had been removed were rendered glycosuric by the adminis- 
tration of phloridzin, No mention is made of the condition of the 
blood having been investigated, and, as far as we can find, experiments 
of the kind have not been performed on mammals. 

In our experiments dogs of about 10 kilo weight were employed. 
The anesthetic used was A.c.E. A cannula was placed in one of the 
jugular veins and in each of the carotids, one in readiness for connexion 
with the mercury manometer and the other for the withdrawal of blood 
for analysis ; tracheotomy was performed. The liver, stomach, intestines, 
pancreas and spleen were removed (cp. op. cit.), and a cannula placed 
in each ureter. 

Phloridzin, usually 0°1 or 0°2 g., was injected into the jugular vein, 
and the urine collected periodically. Portions of blood were also taken | 
at different times for analysis, The blood-pressure was recorded for 
a few seconds three or four times an hour. 


Exp, VII. Dog. 9:3 kilos. 

4.5 pm. Preliminary operation 

4.12 p.m. B. P. record started, 170 mm, 

4.16 p.m. 0°1g. phloridzin injected into the jugular. 

4.56 p.m. B.P. 150mm. 5.25pm. B.P.136mm. 5.43 p.m. B, P. 

140 mm. 6.26 p.m. B. P. 110 mm. 

6.50 p.m. Urine secretion ceased. B. P. 88 mm. , 

7.0 p.m. Respiration ceased. Heart still beating feebly. Killed by 

7 bleeding from the carotid. 

Blood 3 hours after removal of the liver, sugar 0°53°/,. 60 c.c. of this 
blood was examined for the presence of pentoses and glycuronic acid but with 
negative results. The alcoholic extract gave an osazone having the appear- 
ance of glucosazone. _ 
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20-0 34°7 0°694 
Total sugar excreted 2°722 g.=0°99 g. per hour and 0:106 g. per kilo 
body-weight per hour. 
Mixture of urines II. and III. Sugar 56:8°/,, N x = 13. 


Mixture of urines IV. and V. Sugar 49 N 


Exp. VIII. Dog. kilos. 
4.15 p.m. Preliminary operation completed. 
4.18 p.m. 40 blood taken from the carotid. 
4.21 p.m. 0:2 g. phloridzin injected into jugular. B. P. 144 mm. 
5.51 p.m. About 30 ¢.c. blood drawn from the carotid. B. P. 136 mm. 
6.21 p.m. 0:1 g, phloridzin injected. B. P. 128 mm. 
7.21 p.m. 0:1 g. phloridzin injected. B. P. 116 mm. 
7.52 p.m. Killed by bleeding. B. P. 120 mm. 
Blood just after the operation, sugar 1°67 °/,». 
Blood hours after _,, 


Blood 33 , ‘a 
Urine after injection of Phloridzin. 
Sugar °/o9 Sugar grms. 
Ist 10 mins, 4:0 52:0 0°208 
Next 20 50 80°6 0-430 
2nd_ half-hour 4-0 89-3 0°357 
3rd 20 80°6 0161 
4th 04 63-8 0-025 
2nd injection of Phloridzin. 
6th 2°5 50:0 07125 
: 3rd injection of Phloridzin. 
7th 42°4 10-085. 
“~~ Total sugar 1807 g.=0'516 g. per and 0-052 g. per kilo 
body-weight per hour. 


A mixture of the first 5 urines contained 
Sugar 73°5°/,,, Nitrogen 16-4°/, , 4-4. 
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4 Urine after injection of PMoridain. 

Sugar °/,, Sugar grms. 
4 I. First 6 mins. 3-0 12°5 0-037 
II. Next 8 ,, 50:0 0-325 
Hi 4 18-0 59-5 1-075 
10°0 59°5 0-595 
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Exp. IX. Dog, about 16 kilos. 
2.3 p.m. Preliminary operation completed. 
2.4 p.m. 02g. phloridzin injected into the jugular vein and 0:1 g. 
afterwards injected every hour till 8.4 p.m. Urine collected 
in half-hour portions. 
8.32 p.m. Blood drawn from the carotid and animal then killed. 
Blood 64 hours after liver was excised, sugar 0°47 °/,.. 


Urine after hourly injection of Phloridzin. 


Sugar Sugar grms. Mean B. P. 
Ist half-hour 20°5 1:423 158 
fd 23-0 75:7 150 
3rd 13°5 75°7 1-022 150 
4th ,, 8-5 0:531 150 
6th 46°2 0-462 118 
8-0 39-6 0-317 
Gh. ,, 5-5 34°7 0-191 120 
9th 55 31:25 0°172 124 
10th 5-0. 29-0 0145 118 
2°5 255 0064 
ia: 0:7 21:2 0-015 110 
P 
10 
g 
ti tt 
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Time in quarter hours. 
Fig. 1. Phloridzin with Ablation of the Viscera. 
Dot and line Exp. VII. Abscisse 1=15 minutes. , 
Solid line Exp. VIII. Ordinates 1=0-01 g. sugar per kilo of body-weight. 
Broken line Exp. IX. P, phloridzin injections. 
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Total sugar excreted 6°681 g. = 1-028 g. per hour, and 0-064 g. per kilo 
body-weight per hour. 
Mixture of urines of first two half-hours: 


Sugar 73°5°%/m, N 10-15 
Mixture of urines of 8th, 9th, and 10th half-hours 
Sugar 34-2, N 87%», = 38. 


| Exp. X. Dog, 8 kilos. Operation as above with the addition that the 
aorta was ligatured below the renal vessels va the view of diminishing the 
extent of the circulation. 


3.50 p.m. Preliminary operation completed. 

3.54 p.m. 0:1 g. phloridzin injected into jugular vein. 

4.0 pm. 3 c.c. urine collected, sugar 382 °/,,=0°115 g. 
4.0—5.10 p.m. 30 .c. urine collected, sugar g- 
5.20 p.m. Killed by bleeding. 


Blood 1} hours after liver was excised, sugar 0°52 °/,,. 


Total urinary sugar 0°925 g.=0°740 g. per hour, and 0-092 g. per kilo 
body-weight per hour. 


Exp, XI. Terrier. Repetition of the last experiment with a still greater 
restriction of the circulation by ligaturing the subclavian and vertebral 
arteries as well as the aorta below the renals. 


3.45 p.m. Operation for removal of the viscera and liver completed. 
Subclavian and vertebral arteries then dissected out and 
ligatured, a proceeding which occupied considerable time. 
This was quickly followed by marked cardiac inhibition, 
and the vagi were therefore divided. The aorta was lastly 
tied below the origin of the renal vessels, 

4.37 p.m. B. P. record begun. 50 c.c. blood drawn from the carotid. 

, 03g. phloridzin injected into the jugular. 

6.15 p.m, Heart failing. Artificial respiration employed. 

6.30 p.m. Heart incised and blood collected. 


Blood 1 hour after removal of the liver, sugar 1°08 °/,,. 


Sugar. Sugar grms. 
4.37—5.45 p.m. 6°5 0-268 


5.45—6.20 p.m. 15 46-3 0-069. 
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Exp. XII. Fox-terrier. Repeat of last experiment with the modification 
that in order to avoid protracting the operation after the removal of the 
viscera the subclavian and vertebral arteries were dissected out and looped up 
ready for tying before the abdomen was opened and simply tied afterwards, 
In this way only ten minutes elapsed between the removal of the liver and 
the injection of phloridzin. Blood was drawn from the carotid immediately 
after the removal of the liver and again 3} hours later. 


Blood just after removal of the liver, sugar 1-29 °/,». 


No urine. was secreted. os 

This experiment was a failure, but it is quoted as it shows the fall of 
blood sugar occurring although no elimination of sugar was produced by the 
phloridzin. We are unable to account in any way for the absence of urine in 
this experiment, — 


Control experiments without ablation of the viscera. 


Exp. XIII. Dog, 7 kilos. a.c.e. Cannule placed in both carotids and 
in one jugular. Abdomen opened as in the other experiments and the 
viscera purposely handled. Cannula placed i in each ureter. Wound closed. 
B. P. record taken. 

2.4 p.m. 0:2 g. phloridzin injected into the jugular and id 1 g. afterwards 
injeenee every hour till 5.4 p.m. 


' Urine after hourly injections of Phloridzin. 


6.0, Sugar Sugar grms. 
Ist half-hour 29-0 1:366 
29°5 65°8 1-941 
4th 160 75°7 1-213 
6th 140 58:1 0°813 
7th 110 0°519 


Total sugar excreted 8-357 g. = - 9.388 g. per hour, and 0°341 g. per kilo 
body-weight per hour. 


Exp. XIV. Repeat. Dog, 25 kilos. First dose of phloridzin 0-4 g. 
Subsequent doses 0:1 g. 
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Urine after hourly injection of Phloridzn. 
Sugar 
89 
60 56°8 
54 60:9 
75°7 
37 78'1 
51 60:9 
43 67°5 
40 
55 67°5 
Total sugar excreted 27°706 g. = 6°156 g. per hour, and 0°246 g. per kilo 


3 


Centigrams of sugar excreted per kilo body-weight. 


Solid line Exp. XIII. 
Broken line Exp. XIV. 


8 


Time in quarter hours. 
Fig. 2. Phloridzin without Ablation of the Viscera. 
Abscisse 1=15 minutes. : 
Ordinates 1=0°01 g. sugar per kilo of body-weight. 
P, phloridzin injections. 
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We will now direct attention to the inferences connected with the 
mechanism of phloridzin glycosuria to be drawn from the series of 
experiments recorded. 

A point that is forcibly exemplified—if exemplification were needed 
—is that the eliminated sugar cannot be derived from the phloridzin 
injected. In no instance did the quantity of phloridzin reach 1 gram, 
containing 0°4 gram of sugar, and in all the eliminated sugar amounted 
to many times as much as could be derived from this source. Upon 
one occasion indeed 27 grams of sugar were eliminated, which is 
equivalent to 75 times as much as could be yielded by the phloridzin 
itself. 

Another point, and this is very noticeably brought out by the 
accompanying charts upon which the experimental results are mapped 
out, is that after the sharp effect. produced by the initial injection of 
phloridzin, the height of sugar excretion even in the intact animal is 
not sustained, notwithstanding the amount of phloridzin in the blood is 
maintained by repeated injections. It may be said that after the first 
injection the influence of subsequent doses is quite irregular, a 
reduction in. the quantity of sugar excreted following as frequently 
as an increase. This does not fit in with Minkowski’s vehicle theory, 
seeing that we should here expect, with the amount of phigridzin in 
the circulation maintained, that the quantity of sugar excreted would 
be fairly constant at least while the store of carbohydrate lasted. 

The charts show at a glance not only the course of the sugar 
excretion in the various experiments, but likewise the difference in the 
degree of effect. produced in the animal after ablation of the viscera as 
compared with that occurring in the intact animal. 


Criticism of previously proposed theories. 

Let us now see how v. Mering’s theory which refers phloridzin 
glycosuria to an increased permeability of the kidney for sugar 
(vide p. 467) stands, when looked at in association with the evidence 
supplied by the foregoing experiments. 7 

The eliminated sugar is supposed to be derived from the blood 
sugar, and this to be reinstated from its source by a regulating 
mechanism. The abdominal viscera are presumed to constitute this — 
source, and removal of the liver is considered to be attended with a 
loss of the capacity for renewing the blood sugar. Therefore after 
ablation of the viscera the eliminated urinary sugar should be limited 
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to that contained in the blood at the time of the commencement of 
the phloridzin injections. It is true a certain amount of fall in 
the quantity of blood sugar is noticeable, but it happens (cf. This 
Journal, Xx1x. p. 375) that identically the same kind of fall occurs 
with simple ablation of the viscera without the employment of 
phloridzin. The circumstances therefore stand in this position: ablation 
of the viscera is followed by a certain fall in the amount of blood sugar: 
ablation of the viscera with injection of phloridzin is followed by an 
exactly similar fall, and in this case there is an extensive elimination 
of sugar and not in the other. With a like fall of blood sugar in the 
two cases and an associated elimination of urinary sugar only im one, 
how can the blood sugar be looked upon as the source of the eliminated 
sugar? Even if the assumption were made that all the sugar lost from 


_ the blood in the phloridzin experiments passed into the urine it would 


not nearly suffice to account for the sugar discharged. In one of the 
experiments 5°5 grams of sugar were eliminated, whilst reckoning upon 
reasonable data it may be estimated that 1 gram at the most would 
represent the loss from the blood. In another experiment 6°68 grams 
of sugar were found in the urine, whilst the blood may be reckoned to 
have lost about grams. 
On looking through the results it is strikingly noticeable that even 


when the blood sugar has fallen to the lowest point attainable after 


removal of the viscera the urine may contain a high concentration of 


‘sugar. For example, in one experiment we see that the blood taken 


3} hours after removal of the viscera contained 0°46°/,. of sugar, and 
that the urine secreted at the time contained 42°/,. In another 
experiment when the blood sugar was standing at 0°57°/, the sugar 
in the urine amounted to 46 °/,. 

Insuperable difficulties arise when attempts are made to trace the 
sugar of phloridzin glycosuria to the sugar of the blood, whilst evidence 
exists in a direct manner pointing to the kidney being the primary 


factor in connexion with the matter, and instead of the sugar being © 
derived from the blood, as in the other forms of glycosuria, the rational 


conclusion we consider to be drawn from the facts presented, is that 
the sugar is formed within the kidney itself. We will proceed to show 
how this view fits in with the collateral conditions existing. 


Proposed new theory discussed. 
As a deduction from the evidence before us we regard those forms 
of glycosuria that are associated with hyperglycwmia as being due to 
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a glomerular filtration of sugar from the blood, and a subsequent 
concentration of the filtrate in its passage along the tubules. 
Phloridzin glycosuria on the other hand is unaccompanied by any 
notable hyperglycemia, and we attribute it to an active formation of 
sugar by a katabolic action of the secretory cells of the uriniferous 
tubules, and liken it to the process observed to occur in the cells of 
the mammary gland when they secrete lactose. The analogy is 
strengthened by the consideration that in the case of the kidney we 
suggest that a chemical substance—phloridzin—can excite the kidney 
cells to this specific katabolism, while in the case of the mammary 
gland the exciting cause bringing about the secretion is also in all 
probability a chemical entity conveyed by the blood to the gland. 
It has recently been shown by Loewi that a contrast exists 
between the hyperglycemic and phloridzin glycosuria looked at in 


relation to the effect of diuretic agents, and the results obtained by 


him harmonise with the views we have just given expression to. 
Loewi, for instance, says® that in the case of glycosuria produced 
by extirpation of the pancreas, or by the intravenous injection of sugar, 
an increased elimination of sugar in conjunction with NaCl, etc. occurs 
when the diuresis is increased by the agency of caffeine, nitrate of soda, 
or even by the administration of much water, whilst in the case of — 
phloridzin glycosuria the sugar elimination under similar circumstances _ 
remains unaffected. With the production of sugar by the renal cells 
in the manner suggested it is not to be expected that the effect of 
increasing the diuresis would be the same as where the sugar is derived — 
from glomerular filtration. If von Mering’s increased kidney permea- 
bility theory held good there should be the same effect with phloridzin 
as with the other forms of glycosuria. 

In some of our experiments we took a record of the blood-pressure, 
the volume of the kidney, and upon one occasion the volume of a loop 
of intestine. | 

From the tracings it was noticeable as a result of the injection of 
5 or 10 cc. of a 2°/, solution of phloridzin in 0°9°/, solution of sodium 
chloride, rendered faintly alkaline with sodium carbonate, that after a 
short latent period of about 20 seconds a fall of blood-pressure occurred. 
The fall was rapid, and after persisting for about 2 or 3 minutes the 
pressure returned to its original height. Previous section of the vagi 
in the neck did not prevent the occurrence of the fall. 

In the experiment in which an oncometric tracing of a loop of 


intestine was taken no recognisable effect was produced by the phloridzin. 
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The oncometric tracings of the kidney showed soon after the 
injection of the phloridzin a diminution of volume of the organ 
coinciding with the fall_in blood-pressure referred to above, but the 
character of the tracing showed that only passive variations occurred. 

The following experiment may be given as typical of the effect 
produced upon the blood-pressure and kidney volume. 


Exp. XV. Dog anesthetised with a.c.z, Cannulae inserted in each ureter, 
the right carotid, and the left jugular. Lumbar incision and kidney placed in 
oncometer. 0:1 g. phloridzin in 5c.c, of saline solution injected. 


Fig. 8. Dog, tracing of blood-pressure (lower curve) and kidney volume (upper curve). 
Effect of injecting 5 c.c. of a 2°/, solution of phloridzin. 
The urine secreted by both kidneys was strongly saccharine. 


It is seen from the tracing that the volume of the kidney followed 
the blood-pressure, and that there was no indication of dilatation of the 
0 

pert these results it is seen that the diuresis produced by phloridzin 
is not associated with increased blood-pressure or dilated renal vessels. 
In other forms of diuresis, on the other hand, these factors may be 
spoken of as constituting the exciting cause, and here we look to the 
glomeruli as the seat of action concerned in the result, the diuresis 
being accounted for by increased filtration through the agency of the 
physical conditions existing. No such physical conditions, however, 
are found to be in operation in connexion with the diuresis produced 
by phloridzin, and we are driven to altered renal cell-action for its 
explanation. Thus with the diuresis as with the elimination of sugar 
produced by phloridzin we are carried by the collateral circumstances 
existing from glomerular to renal cell-action for the source of what 
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There is a further point bearing on this matter that is deserving 
of notice. With diuresis resulting from glomerular transudation saline 
matter accompanies the water, and like it becomes increased. Such, 
however, according to recorded experimental results, is not similarly 
the case in phloridzin diuresis. (Loewi, loc. cit., p. 430, Coolen™.) 

Evidence is adducible showing that when the kidney is in a —— 
state the glycosuric effect of phloridzin is lessened. 

It is known that by temporarily arresting the flow of blood to the 
kidney the secretion of urine is afterwards checked for a more or less 
considerable time. We have taken advantage of this circumstance 
and temporarily clamped the artery of one kidney, leaving the other 
intact. By subsequently injecting phloridzin into the venous system 
@ comparison was permitted to be made of its effect upon the urine 
derived from the injured and uninjured kidney. Subjoined are the 
particulars of the experiment performed. 


Exp. XVI. Dog. a.c.z. A cannula placed in each ureter and in the 
jugular vein. The vessels of the right kidney dissected out, and a loose 
ligature placed round the artery. During the next 10’ both kidneys secreted 
urine. The right renal artery was clamped for 10’, and as during the next 
10’ the kidney secreted a little urine the artery was clamped again for 20’. 
During the next 10’ only a drop of urine was obtained from this kidney. 
10 cc, of 1°/, phloridzin solution now injected into the jugular, and the urine 
collected for the next 15’. 


Injured kidney gave 1‘5c.c. containing sugar 56:5 °/,,=0°084 g. 
Uninjured ,, » » = 0°269 g. 


It is seen that after the injection of the phloridzin the injured 
kidney began to secrete urine, but the quantity obtained was only equal 
to half of that yielded by the other kidney, and the percentage of 
sugar present was also markedly lower. Looking to the absolute 
amount of sugar eliminated by the two kidneys it is noticeable that the 
injured one gave less than one-third as much as the other. 

Injury to the kidney produced by drug agency has been observed to 
exert a restraining effect upon the production of phloridzin glycosuria. — 
Hellin and Spiro™ found in rabbits that after an injection of 
cantharidin, sufficient to occasion a severe nephritis, phloridzin failed to 
produce glycosuria. In the nephritis produced by chromate, however, 
_ they say that the injection of phloridzin was followed by glycosuria, 
Schabad™ and also Richter™ in direct opposition state that in 
chromate as in cantharidin nephritis, phloridzin fails to be productive 
| PH. XXIx. 31 
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of glycosuria. Hellin and Spiro further state that the nephritis 

caused by aloin does not inhibit the action of phloridzin, while Richter 
found it to have a marked influence. It is possible that the discre- 

 pancies in these observations may be due to a difference in dose and 
method of administration of the drug by various experimenters. 

Lesion of the kidney as the result of disease in the human subject 
is stated by Klemperer" and by Achard™ to inhibit the glycosuria- 
producing action of phloridzin, and Aldor says that with the kidney 
of old age it is also lessened. In opposition to this, Magnus-Levy™ 
asserts that he has witnessed in cases of nephritis the production of the 
ordinary action, and perhaps the discordancy is to be explained by the 
degree of faulty state existing. 

Taken altogether, the foregoing evidence connected with kidney 
damage, although it shows that an influence is exerted by the state of 
the kidney on phloridzin action, yet it throws no light on the question 
of whether the result is due to the glomeruli or to the cells of the 
tubules. Trambusti and Nesti™, Kossa™ and Seelig™ have 
investigated the effect of the continued administration of phloridzin 
on the kidney structure, and what they have found histologically has — 
a suggestive bearing on the last-named point. They state that the cells 
lining the tubuli contorti show marked signs of necrosis, whilst the 
glomeruli usually present a normal appearance. 
~ Everything points to the kidney as being primarily concerned in 
the elimination of sugar induced by phloridzin. As already mentioned 
it is suggested by us that the cells of the renal tubules under the 
influence of the phloridzin exert a katabolising effect resulting in the 
formation of sugar comparable to what occurs in the production of 
lactose by the cells of the mammary gland. Previous reference has 
been made to the experiments of one of us on cats (p. 468), which show 
that in this animal the sugar of the blood usually becomes to a certain 
extent increased as a concomitant of phloridzin action. This may at 
first sight appear inconsistent with the view that has been put forward, 
but if looked into it in reality will be seen to stand in conformity. 
Experience shows in connexion with the mammary secretion that 
under exalted activity of the gland, or under circumstances which 

impede the free escape of its secretion, lactose reaches the circulation 
by absorption to a sufficient extent to give rise to a more or less 
-marked lactosuria. In a similar manner it is not only conceivable, but 
what might be looked for, that a portion of the sugar produced by the 
renal cells should become absorbed, and thus raise the amount of sugar 
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sail in the blood. By analogy, support indeed is given to the view 
that has been propounded of sugar production by the renal cells. 

We are led by the circumstances before us to look to a constituent 
of the blood, other than sugar, as the source either directly or indirectly 
of the eliminated sugar, and proteid is pointed to by the results of 
modern research as constituting this source. In a well-fed animal 
provided with a store of available carbohydrate, and receiving fresh 
supplies with the food, the administration of phloridzin leads simply 
to an elimination of sugar without any increased elimination of nitrogen. 
From the nature of the circumstances the ratio dextrose to nitrogen 
(D:N) is both variable and large. With a plentiful supply of carbo- 
hydrate to fall back upon, the circulating proteid is kept fully saturated 
with loosely combined carbohydrate, which is susceptible of being 
detached by certain influences without the integrity of the nitrogenous 
basis of the molecule being disturbed, just as is found to be the case 
_ with the oxygen contained in oxyhemoglobin. Under the circumstances 

presented, the basis of the proteid molecule remaining unattacked, the 
elimination of nitrogen continues unaltered. 

If now instead of being supplied with cusipisdeebeacedaielas food, 
the animal be placed on a meat diet, or if food be altogether withheld, 
it is found that the ratio D: N gradually falls till it reaches a constant 
value, which in dogs stands at 3°8. The fall is attributable in part to 
the elimination of sugar decreasing with the loss of carbohydrate 
renewal, and in part to the increased excretion of nitrogen that ensues 
when carbohydrate starvation sets in. 

Apparently then, it would seem, the first effect of phloridzin is 
_ simply to lead to the breaking off of loosely combined carbohydrate 
as long as such is at hand, and when this ceases to be available the 
influence at work attacks the intrinsic part of the proteid molecule 
and thus causes a disruption of nitrogen as well as of sugar. When 
this stage of action is reached the amount of nitrogen eliminated is 
vastly more than under starvation without the co-operation of phloridzin, 
notwithstanding that starvation alone, when a certain stage is arrived 
at, is attended with a greatly augmented ontput of nitrogen, apparently 
similarly due fo the invasion of the nitrogenous nuclear part of the 
molecule by the advancing disintegrating action. A step further in 
the disintegrating action that is now proceeding in the phloridzin 
glycosuric, and oxybutyric acid, diacetic acid, and acetone show them- 
selves as cleavage products. The same is also noticeable in the 
advanced stage of simple starvation. 

31—2 
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From the circumstances existing in animals after ablation of the 
viscera it may be assumed that the loosely combined carbohydrate 
would become more speedily exhausted by phloridzin glycosuria than 
in the entire animal, and with this the case the D: N ratio might be 
expected to fall quickly. In one of our experiments (Exp. IX.) it was 
observed that the D:N ratio for the first hour was 7°2. For the fifth 
hour it had fallen to 3°8. ) 

Loewi™ has gone the length of suggesting that the sugar which is 
ordinarily: looked upon as being in a free state in the blood is in reality 
in a loosely combined state when the blood is circulating in the body. 
In accounting for glycosuria associated with hyperglycaemia, he considers 
that sugar is present beyond the power of the blood to take it into 
combination, and that being free it escapes, like any other free in- 
gredient of a diffusible nature, by filtration through the glomeruli. 
Phloridzin glycosuria on the other hand he refers’ to a liberation of 
the combined sugar by renal cell-action. Upon this point Loewi’s 
view, which was published in December, 1902, in the Archiv fiir 


experimentelle Pathologie, is so closely in accord with our own as to 


render it necessary to state that ours was brought forward at a meeting 
of the Pathological Society of London in April, 1902, the proceedings 
of which appeared in abstract immediately afterwards in the Lancet. 

Without following Loewi with regard to the whole of the blood 
sugar being normally in a combined state we have been actuated, as 
is shown by what has preceded, by the idea that a combination of 
proteid with carbohydrate exists, from which the latter is easily split 
_ off, and consider it possible that in the future the recognition of this 
body may be effected. Meanwhile upon the presumption that in the 
animal rendered glycosuric by phloridzin after ablation of the viscera, 
this body becomes more or less speedily exhausted, we have tried the 
effect of injecting after the lapse of a certain time a fresh supply of 
blood obtained from another dog. The following are the particulars of 
the two experiments that have been performed.: 


Exp. XVII. Dog. 11 kilos. Anzsthetised with a.c. x. 


1.40 p.m. Preliminary operation for the removal of liver and viscera 
completed. 
1.50 p.m. Phloridzin 0:2 g. injected into jugular, and 0-1 g. afterwards 
injected every hour till 5.50 p.m. 
6.15 p.m. Cheyne-Stokes respiration. Blood now drawn from the carotid 
: of another anzsthetised dog (10°5 kilos) and defibrinated. 
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7.10 p.m. This blood slowly injected into jugular, 270c.c. being intro- 
| duced. A restorative effect was at once exerted with a 
return of normal breathing. 


7.20 p.m. 0:1 g. phloridzin injected. 
7.50 p.m. 0.1 g. phloridzin injected. 
8.20 p.m. 0.1 g. phloridzin injected. 
8.50 p.m. Dog killed, — 


Injected blood: sugar 2°8°/,,=0°756g. for the 270c.c. (The high per- 
centage of sugar may be taken to be due to the abstraction of blood having 


been carried as far as possible.) 


Urine after injection of Phloridein. 


c.c. 


Ist half-hour 160 
and. yy 14:0 
3rd 18:0 
4th 
5th 
6th 11°5 
7th 12:0 
8th 155 
9th 13-0 
10th 50 
no urine 
12th 3°5 
13th 8-0 
14th 17:0 
15th 


Sugar °/,, 


12°75 


Sugar grms. 
0-918 
0:923 
1-033 
0°403 
0-562 
0°352 
0°275 
0°267 
0°165 
0°067 


— 


0-057 
0°160 
0°287 
0°127 


Total sugar excreted 5°596 g.=0°746 g. per hour, and 0-068 g. per kil 


body-weight per hour. 


Sugar excreted after the injection of blood = 0°631 g. 


Exp. XVIII. Dog. 113 kilos. a.c.g. Repeat of last experiment. 
3.5 p.m. Preliminary operation completed. 
3.8 p.m. Phloridzin 0-2 g. injected into jugular vein, and 0:1 g. afterwards 

injected every hour till 7.8 p.m. 
6.8—6.15 p.m. 280 ¢.c. of blood from another dog injected. 


7.20 p.m. Cheyne-Stokes respiration. 


of urine had ceased. 


7.40 p.m. Blood withdrawn from the carotid and dog killed. 
Injected blood sugar 1:73 °/,, = 0°484 g. in 280c.c. Carotid 
blood at end of experiment; sugar 0:44°/,.. 


Heart’s action very slow. Flow 
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Urine after howrly injection of Phloridzin. 


6.0, Sugar Sugar grms. 
Ist half-hour 519 0-260 
150 750 1'125 
3rd 51-9 0°675 
4th 140 846 0°484 
5th 15°0 20°8 0°314 
| (Injection of blood.) 
210 18-0 0-378 
17-0 11-25 0-191 
9th 5:0 10°25 0°051 


Total sugar excreted 5619 g. =0:402g. per hour, and 0-036g. per kilo 
body-weight per hour. 
Sugar excreted after injection of blood 0°620 g. 


In each experiment it is seen that the introduction of the blood 
was followed by a marked effect on the glycosuria. By the 11th-half- 
hour in the first experiment the condition had reached a cessation of 
flow of urine. The injeétion of blood was now slowly effected, and the © 
urine for the next half-hour amounted to 3°5 c.c. with 15°5 °/, of sugar, 
giving 57 mgrms. as the total sugar. During the next half-hour the 
total sugar amounted to 160 mgrms., and during the succeeding half- 
hour to 287 mgrms. After this it declined. In the second experiment 
the injection of the blood was performed in the 7th half-hour. For the 
6th half-hour 9c.c. of urine were collected containing 15°9°/,. = 143mgrms. 
total sugar. For the next half-hour the total sugar amounted to 
378 mgrms., the next 191 mgrms., and then 51 mgrms. In this experi- 
ment the sugar eliminated after the injection of blood exceeded by 
136 mgrms. that contained in the injected blood. In the first experi- 
ment however the amount excreted was less by 125 mgrms., but 
presumably if the experiment had been carried on longer a further 
quantity of sugar would have been obtained, as, unlike in the other 
experiment, the secretion of urine had not ceased when the experiment 
was stopped. 

In a counterpart experiment physiological salt solution was injected 
instead of blood, and the following are the results that were obtained. 
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Exp. XIX, Dog, 9 kilos. a.c.z. Repeat of last experiment except that 
200 c.c. of 0-9 °/, salt solution injected instead of blood. 
Urine after hourly inyection of Phloridzin. 
Sugar Sugar grms. 


Ist half-hour 56:2 1-116 
0:585 
4th 30 0:213 
33:7 0-084 
(Injection of saline.) 
80 15-0 0-120 


It is. observable in this experiment that the figures run very 
differently from those where blood was used. A slight rise is noticeable 
in the total sugar for the first half-hour after the injection, but the 
percentage of sugar continued falling. As was to be expected the 
volume of urine increased. 

The salient points of these experiments are exemplified by Fig. 4. 


; 
AL NIA 
Time in quarter hours. 


Fig. 4. Phloridzin with Ablation of the Viscera, 


: r Injection of blood (B) and saline solution (8). 
Solid line Exp. XVII. Broken line Exp. XVIII. Dot and line Exp. XIX. 
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CONCLUSIONS. 


1. In confirmation of Zuntz, injection of phloridzin into the renal 
artery of one kidney produces glycosuria from that kidney prior to 
and to a greater extent than from the other. 

2. Perfusion of a surviving kidney with blood containing phloridzin 


_ produces a diuresis, accompanied with the presence in the urine of a 


notable amount of sugar which is not to be accounted for by the 
disappearance of sugar that occurs from the blood. 

3. Intravenous injection of phloridzin produces glycosuria after 
ablation of the abdominal viscera (necessarily the kidneys excepted), and 
the elimination of sugar persists after the blood sugar has fallen to the 
lowest level that is noticed to occur. 

4, The sugar excreted under these circumstances may far exceed 
that existing in the circulating blood. 

5. The fall in blood sugar observable after simple ablation of 
the viscera undergoes no variation with the supplemented administra- 
tion of phloridzin notwithstanding the associated glycosuria. 

6. The hitherto proposed theories of phloridzin action fail to meet 
the requirements of the conditions existing. 


7. Under the view propounded by us, the glycosuric effect of _ 


phloridzin is attributable to a specific action exerted upon the cells 
of the renal tubules by which they acquire the power of producing 
sugar. We consider that under the influence of the presence of 
phloridzin these cells exert a katabolising action upon something 
reaching them from the blood, resulting in the liberation of dextrose 
in a manner comparable to that by which lactose is set free by the 
cells of the mammary gland. 
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THE INFLUENCE OF COMPRESSED AIR ON THE. 
RESPIRATORY EXCHANGE. By LEONARD HILL, 
MB, FRS., ann J. J. R. MACLEOD, MB, MacKinnon 


Scholar of the Royal Society. 


PavUL BERT made the striking discovery that pure oxygen may act 
as a poison. He enclosed animals in a small air-tight chamber, and 
submitted them to the action either of ordinary compressed air, or of 
air which was either super- or partly de-oxygenated. 

He found that the animals died in ordinary air when the partial 
pressure of oxygen fell to 3°4°/, atm., while in super-oxygenated air 
or in air compressed to 1—5 atm. they died when the partial pressure of 
carbonic acid rose to 25°/, atm. On the other hand, in highly com- 
pressed air (above 5 atm.) or in moderately compressed super-oxygenated 
air, death occurred long before the carbonic acid reached this lethal 
tension, and was therefore to be attributed to oxygen poisoning. The | 
ill effects of oxygen became manifest when the partial pressure of 
this gas rose to 150°/, atm. (=7 atm. air), as was evidenced by the 
diminished amount of carbonic acid found in the lethal air. : 

At 9—10 atm. air (2 atm. O,) the symptoms of oxygen poisoning 
became severe, while at 20 atm. air (4 atm. O,) the animals quickly 
died with convulsions similar to those of strychnine poisoning; at the 
same time the body temperature fell greatly. Bert attributes the 
death of animals in highly compressed air entirely to oxygen poisoning. 

“The oxygen arrests the chemical phenomena of the organism, and 
the absorption of oxygen and elimination of carbonic acid diminish in 
proportion as its tension augments.” 

“An animal breathing pure oxygen at 2, 3, 4 atm. is,” says Bert, 


“in the same condition as another breathing air at ‘pressures of 10, 15, 


and 20 atm.?” 
The truth of these statements we have submitted to the tests of 
the experiments detailed in the following pages. 


1 La Pression Barométrique, p. 612. Paris, 1878. 
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The method of experiment. Paul Bert determined the CO, output — 
_ by analysing the lethal air of the closed chamber after the death of 
the animal. We have studied the animal in a current of air, that is 
to say in conditions such as pertain to divers and caisson workers. 
We constructed an air-tight steel pressure chamber, fitted with thick 
glass windows, and a pressure gauge. This chamber we connected with 
a bottle of compressed air (or Brinn’s oxygen) by means of an inlet 
tube, while by an outlet tube we connected the chamber with a meter 
and a set of six Haldane-Pembry absorption tubes (1 and 2 sulphuric 
acid and pumice, 3 and 5 soda-lime, 4 and 6 sulphuric acid and pumice). 
Mice were used for the experiments and were weighed before and 
after being placed in the chamber. We obtained the output of CO, 
and H,O by weighing the absorption tubes. In some cases we warmed 
the chamber in a sand-bath and measured the ins cy of the. 
outgoing current. 

By controlling taps on the inlet and outlet tubes we raised the 
pressure within the chamber to the required heights. We generally 
provided the mouse with a cotton-wool bed to prevent the loss of heat 
which might arise from the contact of its body with the metal walls 
of the chamber. We have not been able to measure the oxygen intake, 
owing to the impossibility of weighing the mouse in the heavy pressure 
chamber. The decompressions were always carried out ny to avoid 
the danger of gas embolism’. 


with Compressed Arr. 

Exp. I. The lowest pressure under which we have made observa- 
tions is + 4 atm., a pressure which is occasionally borne by deep-sea 
divers. The effect of this pressure (which corresponds to a depth of 
130 ft.) is seen in Table I. The mouse was submitted alternately for 
periods of about 100 min. first to +4 atm. and then to +0 atm. 
pressure. The CO, output fell about 5—10°/, during each period of 
compression, and rose again after decompression. On the other hand 
the H,O output fell by no less than 80°/, during compression. This 
remarkable result, which may be noted in all the subsequent experi- 
ments, suggested to us that some factor other than the metabolism 
of the mouse was at work, a physical factor which controlled the 
amount of water delivered from the chamber. To this subject we 
shall return later. 


1 Hilland Macleod. Proc. Roy. Soc, 1902. 
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Time + Pressure 
7.21—8.16 p.m. 0 
8.87—10.7 p.m. 8—4 atmos. 
next morning 

10.18 a.m.—12.38 p.m. 0 
12.58—2.43 p.m. 4 atmos. 

,, 0 
5—6.50 ,, 4 atmos. 
7—8.30 ,, 4 atmos. 

later in the evening 0 
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Remarks 
Room temp. 15° C. 
Weight of mouse 19-167 gr. 
Jerky respirations. 
Surface temp. fell slightly. 
Weight of mouse 18°76 gr. 
Room temp. 14° 


Quite well and lively on re- 
moval from chamber. 
Surface temp. normal. 


The mouse seemed normal in every respect after its confinement 
in the chamber for a period which lasted no less than 10 hours. 

Exp. II. We obtained a similar result on exposing the mouse to 
+44atm. The excretion of CO, was lessened and the body temperature 


fell three degrees (Cent.) during the period of compression, An — 
Exp. II. Effect of variable pressures of air on same mouse. 
Time + Pressure per min, and kg. kg. temp. Remarks 
7.12—7,.22 p.m. 0 02196 0°1257 388°8°C. Weight of mouse 20-125 gr. 
.25 p.m. 
8.51—9.31 ,, 45 atmos. 145 ,, 0°1734 0°0189 35°4°C. Decompressed at 9.50 p.m. 
Next day 
8.20—9.10 a.m. 0 840c.c.  0°2282 0°1163 386°8°C. Weight of mouse 20-46 gr. 
9.10—9.24 ,, 840 ,, = 
9.87—9.47 ,, to2atmos. 340 ,, 0°1290 0°0635 27°8°C. On removal mouse was paretic. 
6,30—6.55 p.m. 0 800 c.c.  0°2004 0°3041 368°C. Room temp, 13°5°C. Mouse 
| active ; fur raffled slightly. 

8.40 p.m. 7 atmos. 240 ,, _ — _ Weight of mouse 19-96 gr. 

9.80—9.45 p.m. a 240 ,, 0°1002 22:00. Mouse in convulsions on re- 


moval. Artificially warmed 
and temp. rose to 26°C. but 
died. Lungs found to be 
pneumonic. 


estimation made next morning at + 0 atm. showed us that the mouse 
had completely recovered. 
We then submitted this mouse for a brief period to +18 atm. 


q 494 
4 Exp. I. Effect of + 4 atmospheres of air. 
Grams Grams 
g permin. and kg. and kg. 
q 815 0°1565  0°1618 
q 01391 00-0266 
280 0°1409 00901 
250 ,, 0°1296 00174 
262 ,, 01539 01099 
225 ,, 01257 00225 
220 ,, 00986 
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The effect of this was to almost halve the output of CO,, and to lower 
the body temperature 9°C. Finally an exposure to +7 atm. on the 
evening of this day lowered the temperature of the mouse to 22°C. 


and brought it into a moribund condition. 


Exp. III. By means of a sand-bath we bank the mouse at a 
temperature of 30°C. The mouse was kept under the pressure of 
+ 5 atm. over-night and seemed little affected by this prolonged exposure, 
and the CO, was depressed at first distinctly, afterwards only slightly. 


Exp. ITI. The effect of +5 atmospheres of air. 


Rate of 00, HO 
11.26—11.36 a.m. 0 480 c.c. 0°0977 0°1448 Weight of mouse 17399 gr. 
11.46—11.56 ,, 0 430 ,, 0°1235 — Mouse very active. Temp. of 
sand-bath 380° C. 
12,18—12.48 p.m. 5 atmos. 865 ,, 0°0678 00551 Mouse 
2.22—2.52 ,, 349 ,, 00905  0°0293 
8.5—3.40_,, 349 ,, 0°0919 0°0343 
Next day* 
10.45—11.5 a.m. és 719 ,, 0°0820 0°150 Inside of chamber wet with 
urine. Mouse wet but other- 
| wise seemed all right. 
719 ,,  0°0911 0°146 Mouse asleep. 
11.57 a.m.—1.27 p.m. e 653 ,, 0°0845 0°140 Decom in 45 mins. 
; | Mouse all right on removal. 


* Weight of mouse on removal 15°33 gr. on which the three results for this day 
calculated. 


Exp. IV. A mouse having been kept at +6 atm. for two hours 
showed a fall in the CO, output amounting to 30°/,, and a striking 


Exp. IV. The effect of +6 atmospheres of air. 


Grams Grams 


Rate of 


+ ventilation permin. per min. Temp. of 
Time Pressure permin. and kg. and kg. chamber Remarks 
10.49—11.29 a.m. 0 880c.c. 0:2287 0229 875°C. 20°C. ws weighed 
6 270,, 00692 0028 — 21°C. 
1.50 p.m. — — — in 40 
4,124.87 p.m. 0 01476 0-167 84 


depression of body temperature ak to 9° C. The animal had largely 
recovered after 24 hours at 1 atm. 
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Exp. V. Eighty minutes exposure to +7—8 atm. lowered the 
CO, output by more than 50°/,, and the rectal temperature to 23°C. 
By warming the mouse on the hot-water pipes its temperature was 
raised to 35°C., only to fall again to 31° C. on removal from this source 
of heat. Four hours later the temperature of the mouse was only — 


Exp. V. The effect of +7 atmospheres of air, followed later by 12 atmospheres. 


+ ventilation — permin. Rectal 
and kg. 


Time Pressure per min. pl gong kg. temp. Remarks 
11.30—11.50a.m. 0 480cc. 0°3041 0°2073 37°C. Temp. of chamber 18—19° CO, 
12 n. — Pressure run up to 7—8 atmos, 
12.30—1.20 pm. 7—8 4200.0. 01301 0°0330 — Respirations very slow and 
: ; in character. Temp. of ber 
1,30 p.m. 23°C. from 1.30—2.40. On 
removal, mouse was partially para- 
lysed. Was artificially warmed 
—— temp. rose to 856°C. Was 
then placed i in room, and temp. fell 
to 31”, rising to 33° at 4.30 p.m. at 
which it remained till 6.40 p.m. 
7—7.30 p.m 0 0°1591 0°13895 32°C. Mouse weighed 16°34 er. 
Next day 
8.36—9.26a.m. 0 — 0°5059 0°3146 $4°C. Mouse active; weight 15-16 gr. 
6.5—7.5 p.m 04608 0°5411 36°C 
7.22—8.22 p.m 18 00795 — 19°C. ‘Was moribund on removal. Body 
6 atmos. a Hg C. Decompression gas 


32° C., while even seven hours later the CO, output had by no means 
regained its normal level. 

By next morning a remarkable reaction had set in, and the excretion 
of CQ, stood 20°/, higher than the previous morning. A subsequent 
exposure during one hour to + 12 falling to +6 atm. on the evening 
of this day lessened the excretion of CO, by no less than 75°/,, and 
lowered the body temperature to 19° C. 

The mouse did not recover. This experiment is to be contrasted 
with Exp. II. where the mouse died on exposure to +7 atm, after 
previous exposures to +5 atm. and for a brief period to +18 atm. 
-The lungs of this mouse showed inflammatory congestion, a sign of 
oxygen poisoning, discovered by Lorrain Smith. 

Exp. VI. A mouse subjected to +9 atm. pressure showed excep- 
tional powers of resistance, and yielded for over three hours an almost 
undiminished CO, output. 

The mouse seemed well except that its reapbiindone became slow 
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and laboured—27 per minute—and jerky in character. 


decompressed to + 4 atm. 
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It was slowly 


Exp. VI, The of + 9 atmospheres of air. 


Grams’ Grams 
+ per min. 
Time Pressure permin. andkg. and kg. 
12,22—12, 42 p.m. 0 456c.c. 0°283 
-12.54—1.29 ,, 0 550 ,, 0°204 
1.40—2.25 ,, 9 550 ,, 0°202 0°0276 
2.38—4.13 ,, 9 550 ,, 0°189 0°0284 
4,30—5.35 ,, 9 450 ,, 0°186 00282 
5.50-—6.0 compro 530 ,, 0108 00411 
6.11—6,26 0 600 ,, 0-188 


In this 


values. 


Remarks 


Mouse active. 


are jerky in 


Jorky nature of respirations still more 

arked, frequency 27 per minute. 

ean takes no notice when cham- 
ber tapped, ete. 

. Jerky resps. have disappeared and 
mouse active. On removal tetanic 
convulsions appeared and hind 
limbs became paretic. In a day or 
so this condition had disappeared. 


exp. the weight of the mouse was 17-995 gr. pe disyller grsig and 16°719 at the end. 
It therefore lost 0°186 gr. weight per hour, and this factor was used in 


calculating the CO, and 


An estimation made at this period showed a marked fall in the 
CO, output. The output rose again when a further estimation was 
made with the mouse at +0 atm. and the rectal temperature was 
found to be 345°C. The mouse moreover seemed quite normal. 
Shortly after taking the temperature, however, it developed tetanic 
convulsions (decompression symptoms?) in the hinder extremities, and 
these were paretic for some days afterwards. 

The H,O excretion followed the same course in this, as in the other 
experiments, it fell markedly immediately the pressure rose, to rise 
again immediately on decompression. It by no means kept parallel 


with the CO, excretion. 
Exp. VII. 


An exposure for about an hour to a pressure of + 10 


- atm. (No. 8) reduced the CO, excretion to about a third, and the rectal 
temperature to 15°C. The mouse died shortly after extraction. — 


- Exp. VII. The effect of +10 atmospheres of air. 


Grams 
6.40—7.6 p.m. 10 atmos. 0°1129 0-0352 
7.28—8.17 ,, grad 0°0428 0°0212 
lowered to 
3 atmos. 


Remarks 
87°C. Mouse weighed 14-168 gr. 
15°C. Mouse moribund. On extraction 


not quite dead, but died soon after, 
although artificially warmed. 
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Exps. VIII. and IX. We give two experiments showing the effect of 
+12 atm. | 

In VIII. the pressure was quickly run up to + 12 atmospheres and 
decompressed from this to zero in about one and a half hours, esti- 
mations of the CO, and H,O in the outgoing air being made during 
this period. The CO, excretion quickly fell to about a half its normal 
amount, and continued falling till about 15 minutes after decompression 
was completed, when it rose again considerably. While under pressure 
the mouse was very restless and atoxic, but after decompression seemed 
quite normal, its rectal temperature being 36°C. This mouse, there- 
fore, possessed a considerable resistance against high air pressures. 

In IX. the high pressure was maintained for about 40 minutes 
and the mouse on extraction was moribund and its rectal temperature 
15°C. In this experiment the pressure of +12 atm. was maintained 
for a much longer period than in No. IL, hence the different result. 


Exp. VIII. The effect of a short exposwre to + 12 atmospheres of air 


followed by slow decompression. 
Time + Pressure per min. and kg. and kg. oo Remarks 
11.39 a.m.—12.9 0 410 c.c. #01138 | 
15 mins. 12 atmos. 270, — Mouse showing 
symptoms 
to 8 atmos. 
50 mins. 875 ,, 07116 0°020 —  Respirations jerky 
50 mins. falling 3865 ,, 0°108 0024 
to 5 atmos. 
15 mins. falling 400 ,, 0°105 
to zero 
pressure 
8.23—3.53 p.m. 0 625 , 0°150 86°C. Mouse seemed all 
on removal right on extrac- 


Exp. IX. The effect of + 10—12 atmospheres of air. 


Rate of Grms. Grms. 


ventilation Rectal 
Time + Pressure per min. and kg. and kg. temp. Remarks 
6.46—-7.6 p.m. gradually 230c.c. 0°1129 0°0352 37°C. 
rising to _ before exp. 
10 atmos. began 
7.6—7.28 ,, 10—12 220c.c. 00430 00218 15°C. Moribund, but still breathing 
atmos. on removal. 
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The influence of atmospheres of oxygen on the respiratory exchange. 

Regnault and Reiset found the oxygen uptake to be the same 
in dogs and rabbits, in atmospheres containing 46—72°/, O, as in 
ordinary air. Paul Bert on the other hand found that the processes 
of oxidation were most intense in 60 °/, atm. O, and became lessened in 
100°/, atm. O, His results for a rat placed in a current of air or of air 
and oxygen for 24 hours were as follows : 


atm. O, O, uptake CO, output 
21 °/, 38 126 litres. 7°06 litres. 

13°72 ,, 10:32 
38 37°5 11°35 ,, 696 ,, 


The average normal tension of oxygen in the arterial blood of the 
mouse, as determined by their CO method, is according to Haldane 
and Lorrain Smith 22°6°/, atm. After exposure to 187 °/, atm. O, for 
three hours, the oxygen tension was found to be only 15°8. Lorrain 
Smith’ found that pneumonia and death were produced by continued 
respiration in 125°/, atm. O,. 

We first investigated the action of an atmosphere of oxygen. 

The influence of 1 atm. O, Exps. X. XI. XII. Brin’s oxygen was 
employed. We found this to contain about 97°/, O, The mouse was 
weighed in the light glass chamber in which it was placed for these 
experiments, and the oxygen uptake determined by the difference 
between the loss in weight of the mouse and the gain in weight of the 
CO, and H,O absorption tubes. 


Exp. X. Influence of 1 atm. oxygen. 


Rate of Grms. CO, Grms. H,O 
Time ventilation per min. per min. Rectal Temp. of 
in atm. Atm. per min. and kg. and kg. temp. chamber 

20 mins. air 460 ¢.c. 0°1591 0°3131 38° 23° 

Ih. 9m. air 610 ,, - 01270 02648 36°5 22 
40 mins, 0, 220 ,, 0°1184 0-1470 35°6 21 
2h. 30m. 0, 240 ,, 0°0827 0°2525 35°8 26 
lh. 50m. air 415 ,, 0°0836 0°3322 86°2 23°5 
2h. 20m. air 550 ,, 00899 02810 362 24°5 
2h. 40m. air 1°100 ,, 0°1240 0°3967 36°4 24°5 


the experiment. The exp. lasted 6h. 20m. 


1 Annales de Chemie, xx. 26. 1849. 
2 This Journal, xxu. p. 307. 1897. ‘ 
PH. XXIX, 32 
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‘The tables' show a distinct diminution in the amount of CO, 

expired during respiration in a pure atmosphere of oxygen. The 
- diminution does not occur at once, but generally becomes. evident 
in about 30 minutes. 

‘Thus the average weight of three mice was 17-4 grms., and their 
average output of CO, per minute and per kilo body-weight was in air 
‘1274 grms. and in oxygen ‘1003 grms. The personal differences in the 
susceptibility of the three mice is shown by the fact that the diminu- 
tion of CO, was about 40°/, in X., 8°/, in XI, and 20°/, in XIL The 


Exp. XT. 
Rateof  Grms.CO, Grms. H,O 
Time in min. min. Temp. of 
the atm. Atm. _— per min. per kg kg. temp. 
0—70 m. O, 820cc. 0°1066 0°0835 36° 20° 01180 098 
90 m. O, 260 ,, 00978 005541 3855 20 071062 0°92 
115 m. O, 240 ,, 00979 0°0554 855 36.28 01319 0°75 
0—45 m. air 250 ,, 0:0949 004722 3855 23 0°0953 40°99 
56m air 816 ,, 0°1004 «00788 86 22 01088 092 
95 m. air 240 ,, 01044 36 22 00939 
135 m, air 300 ,, 01121 0°962 864+ 225 013822 0°85 
175 m. air 01129 00742 36+ 23 011384 #190 
The mouse weighed 19°137—18°867 grms. The length of exp. was 5 hrs. 
Exp. XII. 
Rateof Grms. CO, Grms. H,0 
Time in ventilation min. § Rectal Temp. of 
the atm. Atm. per min. per kg. per kg. temp. chamber 
55 m. air 3800 c.c. 0°1478 0°2020 22° 0°14438 0°99 
120 m air 0°1278 0°2106 87°4 206 0°12385 099 
140 m. air 0°1457 74 0°1264 1°18 
0—40 m. 0, ” 0°1456 0°1493 88 28 0°179 0°81 


” 
0°1291 0°1291 36 23° 0°1867 0°96 
” 0°1369 0°1370 86°8 _ 0°1522 0°93 


The mouse weighed 18-360—13-1399 grms., and the exp. lasted 6h, 80m. 


results regarding the excretion of CO, are confirmed by the figures 
which relate to the output of water and the uptake of oxygen. . These 


figures are, however, not so constant owing to ~ chances of error 
in the experimental technique. 


a The full details of these experiments are given in Proc, Roy. Soc, 1902. 


40m. 0, 410,, 01833 0080 868 215 0-150 0:90 
| 80m. 0, 01182 0060 387 215 0170 090 
i 120 m, O, 280 ,, 0°1228 0°146 36 215  0°1536 0°80 
4 0—30 m. air 380 D7 26 DE: 
120m. air 450 | 
| 
| 
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The rectal temperature of the mice fell slightly during. the exposure 
to oxygen, and rose again after replacing the oxygen with air. — 
result likewise confirms the CO, results. 

Exps. XIII. and XIV. The effect of about +2 atm, pressure is 
seen in these experiments. In XIII. a depression of about 50 */, Was 


Exp. XIII. 


waz Rate of Grms. H,O 
time in ventilation  permin. per min. 
atmosphere + Pressure per min. and kg. and kg. Remarks 


4mins. 1°7—2atmos. 709¢.c. 0°1100 0-080 Temp. of chamber 30°C. 
| Mouse quite lively. 


36 ,, 2 atmos. 655 ,, 0°0752  0-0708 
ME 614 ,, 00664 00646  ,, 
lh. 50m. 610 ,, 00770 0°0566 
2h, 45 m. 580 ,, 0°0566 00442 Wa, 


Mouse seemed all right 
moval, but rect. temp. only 30°C. 
Exp. XIV. The effect of +2 atmospheres of oxygen. 


"Time + Pressure per min. kg. kg. Remarks 
1,49—2.39 p.m. 0 250¢.c.  0°1579  0°1490 Mouse weighed 21-792 gr. 
; Rectal temp. 36°7° C. 
; | Chamber at room temp. 
3,12—3,87 2atmos. 330 , 00270 0°0362 heavy respirations. 
Mouse died on extraction. 


produced both in the CO, and H,O output. The chamber was warmed 
to 30°C. by placing it on a sand-bath. The mouse did not develope any 
symptoms of oxygen poisoning’ after its stay of nearly three hours under 
pressure. 

The chamber was not antifeselis warmed in XIV., and the result was 
otherwise. The CO, excretion fell about 80°/,, the water excretion 
being likewise markedly depressed. The mouse was dead on extrac- 
tion. 

Exps, XV. and XVI. Experiments with +3 atm. of O, gave quite 
different results, The chamber was not artificially warmed in XV., 
nevertheless, there was only a slight depression in the CO, output. It 
was only after being in the chamber for about 5} hours that symptoms 
_ of oxygen poisoning supervened, these being accompanied by a marked 
fall in the CO, output. The H,O output on the other hand fell markedly 
(4 to 4rd) when the pressure was first raised, and remained constantly 

1 The full consideration of the symptoms of ere ene ee eee 
subsequent paper, 
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at this low level until the supervention of the — of oxygen 
poisoning. 


Exp. XV. The effect of +3 atmos. of oxygen at room temperature. 


Rate of Grms. H,O 


Time Pressure in, 
10.56 a.m. 0 400 c.c, 

8 atmos. 837 ,, 0°1147 

310 ,, 0°1176 

250 ,, 01052 

ra 400 ,, 0°1019 


0°1290 Mouse 21 grms. 

0°057 

0°0514 

0°0528 Room temp, 16°C. 

0°0833? Mouse very active, trying to get out 
of chamber. Resps, to 
become gasping in nature. 


190 ,, 0°0614 


00414 Respirations gasping. 

8.53 p.m. decom- — os — On removal, the hind legs of the 
pressed mouse became paretic, Rectal 
to zero | temp. below range of clinical 

thermometer. 


In XVI. the chamber was kept warmed to 30° C., and a very similar 


“result was obtained. The CO, excretion fell to ‘085 grm. per kg. body- 


weight per min., and continued falling during the next 5hrs. By 6 p.m. 
the mouse had become restless and its respirations jerky in character. 
But there were as yet no other symptoms of O, poisoning. Left under 
pressure all night it was found dead next morning, death probably 
supervening early in the night. The lungs of this mouse were very 
congested. 


Exp. XVI. ‘The effect of + 3 atmos. of 


+ Pressure Rate of 
in atmos. ventilation Grms.CO, Grms. H,0 


Time of oxygen per min. per min, per min. Remarks 
12.25—1.25 p.m. 8 206 c.c.  0°0849 00822 
1,37—2.37 ,, 3 198 ,, 0°0685 0°0692 
2.46—3.47 ,, 8 187 ,, 0:0847 0°0728 Respirations 68 per min., somewhat 
laboured, Fur ruffled and wet. 
3.56—4.26 ,, 3 187 ,, 00635 0°0718 
4.38—5.8 ,, 3 160 ,, 0°0561 0°0762 
5.18—5.48 ,, 8 _ 00615 0-0717 After this estimation the mouse was 


left all night under pressure. On 
leaving, the resps. were laboured, 
and mouse seemed very uncom- 
fortable. Next morning mouse 
was dead and lungs markedly con- 
gested. 


Exp. XVII. Here oxygen pressures varying between +4 and 5°5 
atmospheres were employed, and convulsions quickly resulted. The 


‘| 
a 
| 
4 
- 
ne 


COMPRESSED AIR AND RESPIRATION. 503 


Exp. XVII. The effect of + 4—5 atmospheres of oxygen. 


under in atmos. ventilation Grms. H,O 


‘pressure of oxygen per min. per min. per min. Remarks 
0 677¢.c. 0°1450  0°282 Weight of mouse 16°484 gr. 
12 mins. 4—5 ,, 0°224 0°175 
5°5 650 ,, 0-201 0-140 convulsions during whole 
| peri 
§°25—5 0-078 0°121 Lying on back in a comatose state 
with occasional gasps and: con- 

vulsive movements anterior 
extremities. 


convulsions persisted off and on for about half-an-hour, after which the 
mouse became comatose. During the convulsions the output of CO, | 
was distinctly increased but fell markedly when coma supervened. | 
Exp. XVIII. The mouse was exposed for a short period to + 5 atm. 
Q,, and the recovery of the CO, output studied in +0 atm. O, during 


Exp. XVIII. The effect of an exposure of 10 mins. to + 2—5 atmos, onygen. 


in atmos. per min. | 
Time of oxygen per min. Sie kg. and kg. Remarks 
-11.12—11.22a.m. 2—5 826¢.c. 0°0913 0°050 Mouse seemed depressed. 
11.88—11.48 ,, 0 616 ,, 00951 0°102 Mouse better. 
11.58—12,48 p.m. 0 549 ,,  0°1183 0087 On removal rectal temp. 29°8°C. 


Mouse seemed cold but recovered 
from .all bad effects. Weight 
18-6076 gr. 
_ the next 80 minutes. The rectal temperature was only 29°8 at the end 
of this period. 
Exp. XIX. Under pressure of +5°5 atmospheres O, (No. 20) the 
convulsive symptoms were much less frequent in comparison with the 


Exp. XIX. The effect of +5:5 atmospheres of oxygen. 


Pressure Rate of Grms. Grms, H 


in atmos. per min. per 
Time of oxygen per min, and kg. and kg. Remarks 
12.50—12,55 p.m. 5°5 200¢.c. 011387 00379 At 12.54 mouse showed commenc- 
convulsions. 
12.57—1.7 _,, 5°5 200 ,, 00808 Only slight and occasional con- 
vulsive movements. 
1,9—1,20_,, 55 200 ,, 00886 At 1.14 marked convulsions of 


fore limbs ; nystagmus; a min. 
later convulsions became vio- 
lent. Shortly afterwards lay on 
side gasping with occasional 
convulsions. 
1,22—1.27 , 200 ,, 00746 00145 of mouse after remo 
| 17-936 gr. shortly 
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previous experiment, a comatose condition supervening shortly after the 
pressure was attained. The fall in the CO, excretion was well marked. 
The mouse was moribund on extraction. 

Exps. XX. and XXI. We give here two comparative studies of 
the effects of compressed air and oxygen. In XX. +4 atm. air was 
compared with l atm. O,. The partial pressure of O, was thus the same 


Exp. XX. Comparison of effect of | Exp. XXI. Comparison of effect of 
+4 atm. air and | atm. O,. air + 3atm. and O, + 3 atm. 
Time + Pressure and kg. and kg. Time + Pressure and kg. and kg 
15 mins. air +0 ‘268 "376 60 mins. air +0 133 136 
60 ,, 0,40 250 20 4 , 1«ar+8 188 ‘O71 
60 ,, air+4 178 047 188 082 
50 ,, 0,+0 *233 “B54 


in each observation. Nevertheless the CO, output was decreased 
notably in +4 atm. air, and but slightly in 1 atm. O,. 

In XXI. neither +3 atm. air for 45 min. nor +3 atm. O, for 
35 min. had any effect on the CO, output. 

The water output is as usual greatly diminished under pressure, 


CONSIDERATION OF RESULTS. 


Our experiments confirm the striking results obtained by Paul Bert, 
results which show that a partial pressure of oxygen equal to one atmo- 
sphere does not increase but rather lessen processes of oxidation in animals. 
Pfliiger has drawn attention to the analogous behaviour of phosphorus 
which when placed over mercury in an atmosphere of pure oxygen 
neither glows, nor causes any absorption of the gas. On increasing the 
pressure of oxygen we find a general increase in toxic effect, but no con- 
stant relationship between the partial pressure of O, and the depression 
of the CO, output. Mice, owing to individual peculiarities, vary in their 
susceptibility to oxygen poisoning’, Thus in two experiments where 
the pressure of O, was maintained at +2 atm. the depression in CO, 
output was extreme. On the other hand in two experiments, con- 
ducted under similar conditions of temperature but at +3 atm. O,, the 
CO, output did not fall markedly until after the lapse of several hours. 

At pressure of oxygen amounting to about 4 atm. symptoms of 
oxygen poisoning as a rule quickly supervene. Convulsions occur and 

1 Lorrain Smith notes the same variations and that young mice are most 
susceptible. This Journal, xxtv. p. 24. 1899. 
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the CO, output may increase at this stage only to fall again very greatly 
during the subsequent stage of coma. 

At higher pressures 6—10 atm. we find mice become comatose in a 
few minutes without passing through any convulsive stage. At very 
high pressures such as 30 to 70 atm. the mice are instantly thrown into 
convulsions and die as if suddenly asphyxiated. Since the critical 
pressure and tem perature of CO, is 70 atm. and 30°9° C. the CO, must be 
almost in the liquid state in the lung of an animal exposed to such a 
pressure. 

Increased air pressure. According to Bert’s conclusions we expected 
to find that increased air pressure would depress the CO, and H,O 
output in proportion to the partial pressure of oxygen. This expecta- 
tion has not been altogether confirmed. We have found that 10 atm. 
of air may be far more damaging than 2 atm. of oxygen, and 
that there are other factors to be considered besides the 
toxicity of oxygen, viz the effects of compressed air on the 
loss of body heat and of water. 

The H,O output in compressed air or oxygen. The tables show that 
the H,O output falls greatly and at once when the pressure is raised, 
remains at an almost constant low level while the pressure is maintained, 
and returns at once to about the former level when the pressure is 
removed. The CO, output on the other hand falls gradually and con- 
tinuously under pressure, and returns gradually when the pressure is 
removed. The tables show no clear relation between the amount of 
pressure and the diminution in H,O output, but that the H,O output is 
distinctly greater when the temperature of the chamber is increased 

Exps. III. XIU. XV. XVI). Thus in Exp. III. at 30°C. the output of 
O was ‘0551, while at 21°C. it equalled -0293—0355. 

If, instead of the mouse, some moist cotton-wool be placed in the 
chamber, we find that the water delivered from the chamber is diminished 
per litre, or, with constant rate of ventilation, per unit of time. For 
example : 

0007 grm. per litre at +0 atm. 
00016 » +4 atm. 
In a second experiment 
0013 per litre at + 0 atm. 
» +3 atm. 

The scosihiiiie of these results is we think to be found in the 
following considerations. “A moist chamber containing 1 litre of air at 
1 atm. and 15°C, will hold water vapour. This amount depends on the 
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temperature. If 5 more litres of air be compressed into the chamber 
and the pressure be thus raised to 6 atm. there will still be just as much 

water vapour as before in the chamber.{ On now letting out 1 litre of 
air, only } of the total water vapour in the chamber will be delivered, 
and the pressure will fall to 5 atm.! The chamber will again become satu- 

rated with water vapour, and on letting out another litre, } of the total 

vapour will be delivered, with the next litre.}, and so on until the last 
litre of air is taken when the whole of the water vapour capable of being 
held in one litre will be obtained. The same will hold good, supposing 
the rate is slow enough for saturation to take place, when a current of air 
is continuously bubbled through the chamber. At 6 atm. with each litre 
of air, } of the water vapour will escape, while at +1 atm. with each litre 
4 will pass out. Thus the mouse under pressure, in contrast with one 
under no pressure, may come to be in an atmosphere almost saturated 
with water vapour, and this in spite of a uniform rate of ventilation. 
The H,O output per litre will in any case be greatly diminished whether 
the chamber be saturated or not,/In confirmation of these considerations 
we quote the following observations. The bottles of ordinary compressed 
air, supplied by Brin and Co., contain 110 atm. One litre of air 
delivered from the bottle at this pressure is we find practically dry. On 
the other hand a litre of air delivered from the bottle when almost 
empty contains distinct amounts of water vapour. Now the air contains 
water vapour when compressed—say 50°/, saturation. Then at +1 atm. 

the air will become saturated. Beyond this pressure the water will be — 
condensed within the bottle. Suppose the capacity of the bottle is 
100 litres, then 100 litres delivered at +110 atm. will hold only ;4, 
of the water vapour in the bottle, while at + 1 atm. 100 litres will hold 
the water vapour’. 

Another factor to be considered is the ‘ stickiness’ of compressed air. 
The layer of air next the wet surface is saturated with vapour, but the 
air delays the spread of the latter. The vapour has to “ diffuse itself 
through the air by a kind of percolation” (Clerk Maxwell). 

To evidence this we carried out the following experiment. 

A flat dish containing a weighed quantity of concentrated sulphuric 
acid was placed in the cylindrical pressure chamber, while water was 
placed in the bottom of the chamber. The amount of water vapour 
taken up in a given time by the acid was determined at 1 atm. and 
then under pressure with results like the following. 


1 We suppose the delivery is slow enough to allow of saturation, and that the pressure 
scarcely falls during the delivery of 100 litres. 
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+ Pressure Time Amount of H,O Temp. of room 
5 40 mins. 060 8° C. 
0 40 ,, 0920 
5—5°6 30 ,, ‘050 
30 0829 


We have thus determined three factors which may greatly lessen the 
H,O output of animals submitted to compressed air. 

(1) In the ventilation of the pressure chamber with dry air at a 
uniform rate the amount of water vapour carried away per litre will fall 
to 4, 4, , etc. as the pressure is raised to 2, 3, 4 atmospheres. 

(2) If moist air (say 50°/, sat.) be employed for compression, as in 
caissons and diving operations, the air will become saturated with water 
vapour at any pressure above 2 atmospheres. A like result will occur 
_when dry air is supplied if the rate of ventilation be slow enough. 

(3) Compressed air delays the evaporation of water vapour by 
hindering its diffusion. 

On inquiry we find that divers suffer from non-evaporation of sweat. 
Their clothes become so wet that they sometimes complain of their 
diving dress leaking. 

It is evident that the evaporation may be accelerated by the use of 
dry air, and a fast rate of ventilation. 

V. Grandis states that dry air bubbled through blood takes up 
70 °/, more CO, than moist air. He therefore considers that the loss of 
water in the lungs has an important influence on the output of CO,.! 
We have considered this problem but find no evidence in support of 
Grandis’ supposition. The CO, output does not diminish synchronously 
_ with the H,O output, and, as we shall show later, cool moist air increases 
the CO, output in mice, 

The loss of body heat. Many of our experiments conducted at 
pressures above +4°5 atm. show a great and often rapid fall in body 
temperature. We have noticed that the fall is much less rapid 
when animals are exposed in a very large chamber, and this is especially 
so when the mice are covered with cotton-wool. The fall occurs in all 
animals, rats, guinea-pigs, rabbits, cats, dogs, if exposed long enough to 
compressed air, and is to be ascribed to the increased conduction of heat 
to the metal walls of the chamber. 

Two factors lead to the increased heat conduction : 

(1) Compressed air, owing to its greater density, is a better con- 
ductor of heat. 


1 Centralbi. f. Physiol. xxv. p. 108. 1900. 
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(2) Air saturated with water vapour is a better conductor than dry 
air, 
We can illustrate the first factor by the following rough experiments. 
A measured quantity of warm water was placed in the pressure chamber 
and the rate of cooling roughly investigated both in ordinary and in 
compressed air. 

Air * Initial temp. Room 


+ pressure of water temp. Loss of temp. 

5 43° C. 5° C, 26° CO, in 30 mins. 

0 43 9 5 ” (22 ” ” 

5 8 ,, 20° C. in 40 mins. 

0 32 |, 8 ” 16 ” ” 
23—22 35° C, in 23 
10—9 55 ,, 35° 0. in 20 
20—19 54 ” ” 37 ” 


The loss of heat is evidently more rapid in compressed air and 
more so in +20 atm. than in + 10 atm. 

With regard to the second factor we have performed certain experi- 
ments which seem likely to prove of considerable interest. 

That wet cold is harder to stand than dry cold is a matter of common 
knowledge, but Reubner’ is the only observer hitherto who has 
accurately compared the influence of dry air, with moist air, on the 
respiratory exchange and body temperature. He found that moist air 
altered the channels of heat less by increasing conduction and lessening 
evaporation. He did not observe any metabolic change in dogs, owing 
probably to the shortness of the period of observation and the size of the. 
animals. We have proceeded in the following way. : 

A mouse weighing 18 grm. was placed along with cotton-wool in a 
wire-gauze cage. The latter was placed (over sulphuric acid) in a large- 
sized desiccator, which was provided with inlet and outlet tubes, the 
former connected with a large drying bottle, the latter with an aspirator. 
The desiccator was submerged in a water-bath, the temperature of which 
was kept constant at about 20°C. The rate of ventilation was about 
1 litre in 4 minutes. 

The mouse was left in the desiccator over-night and next morning, 
after about eighteen hours, was found in every respect normal, its rectal 
temperature being 35° C. 

The sulpburic acid in the desiccator was then replaced by water, 
and the drying bottle, connected with the inlet tube, by a wash bottle, 


Areh. Hygiene, p. 187. 1900. 
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and the mouse after being fed was again left over-night. The tem- 
perature of the chamber and the rate of ventilation were the same as in 
the previous night. 

After 18 hours the mouse was removed, it was almost moribund, 
quite listless and did not move when its rectal temperature was taken. 
The latter was found to be 22°5° C., only 2° C. above that of the chamber. 
The mouse was placed in an incubator at 37°C. and in 20 minutes its 
temperature had risen to 33°C. and in 50 minutes to 37°C. It was 
now quite lively and its temperature remained up, although it was 
removed from the incubator. 

It was fed and again placed 1 in dry air as before, its eniieihaie and 
general condition next morning being normal. This was followed by a 
fourth night’s exposure to wet air, the temperature of the chamber being 
lowered to 18°C. Next morning it was almost dead, with a rectal 
temperature of 17°C, It recovered in the incubator, its temperature 
rising to 37°, but in the course of the afternoon it died. 

In other mice and at higher temperatures we have observed greater 
powers of resistance to the malign influence of a wet atmosphere. These 
mice have maintained their temperature by increased combustion, as 
evidenced by a greater output of CO,, greater loss of weight and greater 
consumption of food. The following experiment is an example. 


Atm. in atm. of tame 
Dry just in 30 mins. 17°6° C, 1053 
Dry 18 hrs. Bik 20 ,, 0941 
Dry 46 mins. 366° C. 20 ,, “1033 
Wet _—just in 60 ,, 22 ,, ‘1217 
Wet* 19 hrs. 19hrs. 36°5° C. 22 ,, "1635 
Wet 20 30 mins. 095 
Dry » 30, 215 ,, 088 
Dry 30 ,, ‘073 


* Food was placed in the chamber during this period and all of it was eaten. 


Having made these observations, we next carried out an experiment 
to ascertain how long such a mouse could successfully withstand the 
cooling effect of moist air. The mouse was placed in the chamber with 
a supply of moistened dog-biscuit. The table shows the results. 


18 hrs. 15-20 gr. 74 mins. 1447 87°C. 24° 
22 ,, 15-20 ,, “1282 87 ,, 22°5 ,, 
42 ,, 14/12 ,, 1884 35 ,, 
1412 ,, 69 ,, 2422 20 ,, 
60 ,, 18°84 ,, 190 ,, 0778 25 20 ,, 
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About the 45th hour a large fresh supply of dog-biscuit was given, 
which the mouse at once ate. So long as the temperature of the chamber 
was held at 24—25°C. the mouse maintained its temperature by 
increased combustion. When the temperature of the chamber fell to 
20° C. the compensatory mechanism failed and the mouse became mori- 
bund, its temperature falling to 25°C. It-recovered in the incubator. 
It will be noted that this mouse lost weight in spite of the large amount 
of food consumed. 

We are occupied with further experiments on this matter, and on 
the influence of compressed air on the respiratory exchange of larger 
animals than mice. 


SUMMARY. 


Compressed air at a pressure of +4 atm. and upwards markedly 
diminishes the CO, output in mice, very greatly lessens the H,O output, 
and increases the loss of body heat. 

The lessened CO, output is due to the high partial pressure of oxygen, 
which arrests the oxidation processes in the tissues. 

A partial pressure of 100°/, atm. of oxygen has this effect, and the 
effect increases with the partial pressure. 

The H,O output is arrested because : 

(1) Moist air when compressed becomes saturated with water vapour. 

(2) Compressed air delays evaporation by hindering the diffusion 
of water vapour. 

(3) The escape of water vapour per litre during ventilation varies 
inversely as the pressure in the chamber. 

The loss of body heat is due to the increased conductivity (1) of dry 
compressed air, and (2) of air saturated with water vapour. 

Wet air at 1 atm. and 20° C. increases tissue combustion in mice by 
increasing the loss of heat. The loss may be greater than the gain, so 
that the mice are cooled and may even die when long exposed toa current 
of wet air at temperatures below 20° C. ; 

This research has been carried out with the help of a ibaa from the 
Government grant of the Royal Society. 


We are greatly indebted to Mr F. M. Page and Prof. H. Jackson for 
the help and criticism in regard to the physical matters dealt with in 
this paper. 
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Phonology of the vowel-sounds. By W. A. AIKIN. 


The Vowel-sound owes its characteristic quality to the form of the 
resonant note produced in the Resonator. The pitch of the primary 
resonant note varies for a particular vowel, according to the size and 
capacity of the Resonator producing it. Language demands some 
approximation to a definite shape for every vowel, and it is this shape 
which gives character to the resonant note, irrespective of its pitch, by 
determining the composition or form of its undulation. 

The shape of the Resonator has been neglected by Physiologists. 
Helmholtz, whose work has been accepted and quoted by almost all 
writers, describes that for the vowel A (ah) as “an open-mouthed funnel 
increasing with tolerable uniformity from the larynx to the lips.” This 
is an anatomical error. 

In the case of A (ah), the Resonator is composed of a back, or 
pharyngeal chamber wide below, where its floor contains the whole — 
larynx, pharynx and hyoid fosss, and narrow above, where it is limited 
by the tonsils and the base of the tongue. This enters at right angles, 
the back of the floor of the front or buccal chamber which is somewhat 
hemispherical and has a free, round opening in front. 

Widely divergent pitches have been given to the resonant note of 
this vowel, no heed having been taken of individuals or their pronun- 
ciation. 

When the pronunciation is fixed by instructions beforehand, an 
average man will have c’, and a woman e”), and variations in either 
sex will not exceed one or two semitones above or below, and are 
accounted for by differences in size. } 
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The position I have advocated is as follows :— 

Mouth open 1 inch between front teeth, 

Tongue flat in the mouth with its margin touching the lower teeth 
in front and all round, 

Lips at rest upon the teeth, and not retracted at the sides, 

Palate raised enough to prevent the sound being nasal, though the 
nasal chamber may not be entirely shut off, 

Pharynx fully expanded by following actions: 

- Head erect, and Back straight, 

Chest expanded, 

Larynx depressed and base of Tongue with it. 

The shape for this vowel thus pronounced is that of a double 
resonator, as we should expect from our anatomical knowledge of it, and 
there is a powerful node at the junction of its two chambers, whence 
under favorable conditions, the resonant undulations pass synchronously 
in both directions. 

For the vowels U (00), and the three O’s, as in the words “oh,” “ or,” 
and “on,” which are made by closing the orifice of the lips, there is some 
adjustment of the pharynx which maintains the unison of the two 
chambers. 

When the open jaw is kept constant, the other vowels are made by 
forward movement of the base and upward movement of the dorsum of 
the tongue only. The front chamber then diminishes and the back 
increases in capacity, and we hear a corresponding rise and fall 
respectively in their resonant pitches. The changes are not like the 
divisions of a “ monochord,” because the opening between the chambers 
is made larger at first, and smaller later when the rise of the dorsum of 
the tongue approaches the hard palate. 

When the front has risen a 6th in pitch, the back resonance should 
have fallen a 3rd, thus establishing the simple relation of 1: 2, or an 
octave, as an important feature in the phonology of the pure vowel E (eh). 

In the same way, the rise in front to an 8ve above that of A; and a 
fall at the back of a 5th, gives the relation of 1:3 or a 12th, as an 
inherent property of the vowel I (ee). 

I have built up the Resonator Scale of twelve notes, upon which all 
simple vowel-sounds take natural positions as regards resonant pitch, 
but it must not be forgotten that it is a relative arrangement based 
upon the pitch of A, and that the opening of the mouth must remain 
constant, or nearly so. 
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Resonator Scale. When Ah is c”. 


The Roman numbers represent the notes of any scale of which No. V 
is the keynote, and serve as a guide for all voices alike, to the positions 
in which the vowels may be pronounced with advantage. In the 
whispering voice they are easily heard. I must add here that in proper 
whispering the vocal ligaments are in the position of semi-adduction as. 
described by Czermak, and that I have observed it too often to admit 
any of the doubt entertained by the writers in Schafer’s Physiology. 

This formative function of the Resonator is distinct from that of re- 
inforcement of vocal notes. So long as a good position is maintained, a 
well-sounding vowel will be heard with every vocal note in the compass 
of the voice, and we are therefore bound to regard the vowel-character- 
istic as something impressed upon all vibrations which pass through the 
Resonator. It is then evident that we can only study the vowel-sound 
by itself when the Resonator is performing this function alone, as in the 
whispering voice, whereas, if we employ as its exciting cause, a complex 
reed note augmented by equally complex reinforcements, its investiga- 
tion is practically impossible. 


Observations on the Regeneration of Nerve-Fibres. (Pre- 
liminary Communication.) By J. N. LANGLEY and H. K. ANDERSON. 


_We give here a brief statement of the results of some observations 
regarding the regeneration of nerves. References to previous work will 
be made in a subsequent full account. 

1. Regeneration in the sciatic and crural nerves. We find that 
when certain precautions are taken, medullated fibres do not regenerate 
in the peripheral end of a cut nerve in 124 days. But medullated 
fibres may regenerate in the peripheral end without any connection 
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‘being formed with the central stump: when such regeneration takes 
place, the fibres degenerate on section of the nerves which run to the 
tissue surrounding the peripheral stump; te. the regeneration which 
occurs in apparent independence of the central nervous system is not 
really independent of it. 
When the peripheral ends of two sensori-motor nerves are joined 
no contraction occurs in the muscles supplied by one of them when the 
other nerve is stimulated, but when the muscular branch of the crural 
nerve is cut, and allowed an opportunity of growing both into its own 
peripheral end, and into the peripheral end of the internal saphenous 
herve, stimulation of the saphenous nerve may cause a reflex contraction 
in the muscles supplied by the muscular branch of the crural; this is 

still obtained after section of the crural close to the vertebra, so that 
we consider it to be an axon reflex occurring in branching fibres which 
have grown down from the central end. 

When the central ends of two nerves are joined together, we do not 
find that stimulation of one gives a reflex by impulses passing up the 
other to the central nervous system; 1.¢., apparently, union does not 
take place between the fibres, and neither nerve grows into the other. 

We do not find that stimulation of the peripheral end of a cut 
muscular nerve for a period of about 15 min. twice a day delays the 
time at which irritability disappears ; nor is it delayed by joining the — 
peripheral end of a sensory nerve to the eee 4 end of a motor 
nerve. 

If a nerve is cut in a newly born animal, the nerve grows in length 
with the growth of the animal, although no union is formed between 
the central and peripheral ends. 

2. Regeneration after excision of the superior cervical ganglion. 
We find that the pre-ganglionic fibres do not make functional con- 
nection with the post-ganglionic fibres of the superior cervical ganglion. 
Nevertheless medullated fibres regenerate in the cut branches given off 
by the ganglion. The regenerated medullated fibres remain intact after 
section of the cervical sympathetic and after excision of the ganglion of 
the trunk of the vagus; they degenerate if the branches themselves are 
cut. The latter fact suggests that the regeneration is due to some — 
adjoining fibres growing into the branches, just as (cp. § 1) fibres from 


the surrounding tissue may grow into the cut ends of peripheral somatic —__ 


_ nerves, but we have not yet obtained complete proof of this. The re- 
generated fibres give no effect on stimulation, and stimulation of the 
sclerotic © causes no dilation of the pupil. 
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3. Regeneration after. excision of the stellate ganglion. We find 
that after excision of the stellate ganglion, the central pre-ganglionic 
fibres readily make functional connection with the peripheral pre- 
ganglionic fibres of the cervical sympathetic but do not make functional 
connection with the post-ganglionic fibres of the stellate ganglion. 
Medullated fibres regenerate in the branches of the stellate ganglion 
(accelerator and vertebral nerves) although these give no effect on 
electrical stimulation. 

4, Regeneration after removal of the ciliary ganglion. The ciliary 
ganglion was removed in a kitten, a small accéssory ganglion being 
left. There was evidence that the pre-ganglionic fibres did not make — 
functional connection with the post-ganglionic fibres, and that medul- 
lated fibres regenerated i in the cut peripheral ciliary nerves independently 
of medullated fibres running to them from the third nerve. 
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The processes that take place in a completely isolated 
sensory nerve. Sey Communication.) By H. Heap and 
C. S. Ham. 


The experiments detailed are part of a research on the structure and 
functions of the afferent nervous system. The Nervus radialis in the 
cat (corresponding to the radial and external cutaneous in man) was 
chosen for division on account of its exclusively sensory character. 
This nerve divides into two branches, a larger and a smaller running on 


either side of the vein, and directly below the skin on the radial aspect 


_ of the fore-limb of the cat. It is easily reached by an incision through 


the skin and can be exposed for its whole course, while at the same 


time division of this nerve in no way interferes with the activity of the 


cat, an advantage at once obvious to those who have kept their animals 
in captivity for any length of time. The wound heals by first intention 
and no trophic sores make their appearance. 

The method adopted by us is as follows: The nerve is divided and 
the peripheral end is ligatured with fine silk. The central end is 
destroyed as far as possible, leaving a gap of over an inch. The two 
branches are exposed below in the neighbourhood of the paw and 
divided, a silk ligature being tied round the cut end of each branch. 
The peripheral part of the nerve is then destroyed as far as possible. 
These two nerves are now separated from surrounding structures 
(except the vessels) and the edges of the skin-wound carefully brought 
together by catgut suture. Thus the two branches of the Nervus 
radialis lie in the leg (divided below and above) completely isolated 
from the central nervous system above and the periphery below. 
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At regular intervals of time the wound is opened and a small 
portion is removed from the upper part of the isolated nerve. The 
lower end is also examined, and if need be again freshened and 
ligatured. 

Of the process of degeneration we do not wish to speak at present. 
The preparations shown were taken from a cat 92, 197, and 249 days 

after complete isolation of the nerve and showed the processes which 
- go on in a nerve treated in this manner. 


The nerve is hardened in Miiller’s fluid and teased. It is stained . 


in hematoxylin (Delafield) or by Stroebe’s method, well washed in 
tap-water, dehydrated with alcohol, cleared with xylol, and mounted in 
Canada balsam. 

In every case the nerve is stained by Marchi’s method to make sure 
that there is no renewed degeneration. 

At the end of 17 days the nerve contains many fine fibres, spindle- 
shaped with well-marked nuclei and no medullary sheath or axis 
cylinder. But at this period the field is obscured by the presence of 

much degenerated material. At the end of 92 days this had cleared 
away completely in the specimen shown, and the nerve is found to be 
composed of a multitude of long spindle cells arranged longitudinally, 
- each containing a well-stained nucleus. The material of the cell itself 
stains neither with osmic acid carmine nor hematoxylin unless the 
whole be overstained. With Stroebe’s stain, however, the body of the 
fibre is stained a faint pinkish-blue colour. 

If it remains completely isolated no fundamental change takes place 
in the constitution of such a nerve. The fibres elongate and become 
more regular in their distribution, but even at the end of 249 days 

‘(over 8 months) neither medulla nor axis cylinder makes its appearance, 

The naked eye appearance of such an isolated nerve is characteristic. 
It is as large, if not larger than normal, and is of a pinkish colour. 

We find no differences between the condition of the Radial nerve so 
isolated and one that has remained for a similar period detached from — 
the central end but in continuity with the periphery. 
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Cretinism in Calves. By C. G. SELIGMANN. 


Since the Dexter-Kerry breed of cattle has become popular in this 
country it has been noted that in every breed a variable but by no means 
insignificant number of monstrous calves exhibiting a constant type of 
deformity are born prematurely. These are in fact cretins and the 
interest of this lies especially in the facts that they are (i) practically 
limited to the breed mentioned, (ii) the condition arises constantly in 
foetal life and (iii) is associated with a diseased condition of the placenta 
of the parent cow. I have been able to examine the specimens derived 
from two herds in this country, the records of which have been carefully 
kept for 7 and 3 years respectively. During this time 82 calves have 
been born, 19 of which were cretins (43°1°/,). The calves themselves 
exhibited constant deformities, such as short basis cranit, very short 
limbs, fat pads etc. similar to the deformities observed in human cretins- 
Further the thyroid of all the calves examined showed a complete 
_ absence of colloid and the usually malformed or ill-developed vesicles of 
the gland were choked with more or less spheroidal cells, a condition 
_ described by W. Edmunds in buman cretins. Extracts of the thyroids 
of these calves were intravenously injected into cats and a dog, but in no 
case was a fall of blood-pressure observed. The pregnancy of a cow 
about to produce a cretin differs in certain respects from that of a cow 
in calf with a normal foetus. | 

Usually about the sixth to eighth month but in some cases earlier 
the cow’s belly begins to swell abnormally, and in time becomes 
enormously distended. Before the cretin is born, sometimes as much 
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as a month before, she loses a large quantity of a watery fluid described 


as not obviously blood-stained. The afterbirth is not easily got rid of, 
usually coming away in fragments some days after parturition, while the | 
lochia are excessive in quantity, and last longer than is usual and 
contain more blood. In the only instance in which a fresh placenta 
was examined, the whole organ was extremely oedematous and appeared 
myxomatous in places while the greater number of its cotyledons 
showed various degrees of atrophy. Probably the condition of cretinism 
in these calves arose secondarily to placental disease, possibly owing to 
the foetus receiving an insufficient amount of thyroid secretion from its 
mother during the first months of pregnancy. Although the Dexter- 
Kerry breed is characterized by short legs, there does not seem to be 
any reason for assuming that the breed is one which in its typical form 
is cretinoid, while of the herds under observation it can be definitely 
stated that in-breeding has not occurred to any marked extent. 


True Hermaphroditism in a Fowl By S. G. Smarrock and 
C. G. SELIGMANN. | 


The Bird (a nearly two year old AOE fowl) shown exhibited 
a combination of the external characters of both sexes; in comb and 


_ spurs it was male; in plumage chiefly female it had evinced no sexual 


proclivities. 
On dissection two oviducts and two sexual glands were found. The 


— left oviduct was fully developed, the right, hypoplastic. The left sexual 


gland showed the tubular structure of the testicle but in a non-functional 
condition, and in addition an early ovum. ‘The gland on the other side, 
which was much smaller, showed spermatozoa in certain of the tubuli. 

In connection with this observation the authors referred to the 
comparatively common assumption of male plumage by old females of 
various species of birds and stated that they were engaged in testing 
the theory they advanced in explanation, namely, that such birds were 
bisexual. 
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‘The effects of increased intracranial pressure upon the 
ocular circulation in the dog. By J. Herbert Parsons. 


In these experiments, the external carotid on the side of the eye 
observed was tied, so that the eye was only supplied with blood by the 
ramus anastomoticus through the internal carotid and the circle of 
Willis, 1.¢., a purely intracranial source. 

The intraocular tension was recorded, and the intracranial pressure 
altered in various ways by utilising Hill's cerebral pressure gauge. 

Local compression of the brain in the parietal region by means of 
mercury driven into an india-rubber bag alters the effects of variations 
in the general blood-pressure upon the intraocular circulation very 
little even with high intracranial pressure, and in other cases not at 
all. Thus, the curves of-the intraocular tension produced by equal 
stimulation of the peripheral end of the vagus, or by equal doses of 
nicotin, adrenalin, etc., before and during local cerebral compression are 
practically identical; or there is at most a slight flattening of the curve. 
Any effect produced is doubtless masked by the coincident alteration in 
the general venous pressure, but the vessels at the base of the skull are 
certainly well protected from pressure. Any vaso-motor effect produced 
by the compression is reproduced passively upon the ocular curve. 
The rise in blood-pressure following cardiac inhibition through the 
- Vagus is more marked during cerebral compression. : 
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The effect of increasing the intracranial pressure by bleeding into 
the skull from the opposite carotid, also affects the intraocular circula- 
tion only slightly. 

A greater effect is obtained by means of fluid pressure, normal 
saline being injected into the skull; but even so, the result is com- 
paratively small. 


The vaso-motor nerves of the eye. By J. HerBeRtT Parsons. 


It is known that the vaso-constrictor fibres of the blood vessels of 
the iris run in the cervical sympathetic nerve. Evidence of vaso- 
constrictor nerves to the retina and uveal tract (other than the iris) 
has been derived entirely from ophthalmoscopic observations, which are 
open to grave doubt. 

_ Method. The method adopted has been to measure the intraocular 
pressure by a cannula inserted in the anterior chamber’. Fall of 
pressure will represent vaso-constriction, and rise, vaso-dilatation. 

In the cat, stimulation of the peripheral end of the cervical sympa- 
thetic causes a considerable rise in tension, irrespective of any change 
in the general blood-pressure. This occurs also after intravascular 
injection or local application of atropin, and indeed, after the death of 
the curarised animal. It is therefore due to pressure exerted upon the 
globe by the contraction of unstriped muscle contained in the orbit. 

In the dog, this fallacy is absent. On stimulating the superior 
cervical ganglion, there is rapid wide dilatation of the pupil. This is. 
followed, after a distinct latent period, by a well-marked fall in intra- — 
ocular tension, due to constriction of the intraocular arterioles. The 
effect is therefore the same as that observed in the iris by Langley 
and Anderson, the slow constriction of the arterioles following the 
dilatation of the pupil after a distinct interval. The fall in pressure is 
slow and is also prolonged, owing to subsequent diminution in the 
secretion of fluid. The vascular effect persists after the abolition of 
movements of the iris by atropin. 

Stimulation of the peripheral end of the Vth nerve close to the 
brain causes vaso-dilatation, but it was in all cases accompanied by 
slight rise in general blood-pressure, and may therefore be partly 


passive. 
1 For fall desaription see Roy. Lond. Ophth. Hosp. Reports, xv, pt. 8. 
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A new synthesis of homogentisic acid. By W. A. OsBoRNE. 
(From the Physiological Laboratory, University College, London.) 


That homogentisic acid contains two hydroxyl groups in the 1 
and 4 positions and one acetic group necessarily therefore ortho to 
one of the hydroxyls has been demonstrated by the investigation of its 
derivatives’ and by the fact that it may be ‘prepared synthetically from 
gentisic aldehyde’. 

The following synthesis was the outcome of an attempt to prepare 
the acid in such quantity that it could be obtained for purposes of 
experiment without recourse being made to alcaptonuric patients. 
Though I have failed in this, I thought that I might bring forward 
this synthesis as an additional and independent proof of the hydro- 
quinone affinities of the acid. 

1. Dimethyl-hydroquinone C,H,(OCH,;),. 

The preparation of this ether has been described by Miihlhauser’?. 
Hydroquinone (78 grms), caustic potash (93 grms) and methyl iodide 
(234 grms), this latter being dissolved in a double volume of methyl 
alcohol, were heated in a sealed tube at a pressure of 200 mm. of 
mercury above an atmosphere. I have found, however, that an almost 
quantitative yield is obtained if the mixture is placed in a simple 
autoclave‘ and heated a couple of hours to 100—105°C. The methyl 
alcohol may then be allowed to evaporate off and the crystals of the 
dimethyl-ether purified by distillation with steam. 3 
_ 2. Friedl and Crafts’ Reaction and Preparation of Dimethylhomo- 
gentisic acid CH{OCH,),CH,COOH. 

A weighed quantity of this dimethyl ether, after being dried very 
carefully, was dissolved in excess of carbon bisulphide. The calculated 
amount of ethyl monochloracetate was next added and finally aluminium 
chloride’ (about twice the weight of the hydroquinone ether, though 
larger quantities were employed also with success). The mixture was 
boiled under a reflux cooler for three to five days, the cooler then 
removed and most of the carbon bisulphide distilled off. The brown- 


1 Wolkow und Baumann, Zeit. f. physiol. Chemie xv, 228. 
- * Baumann und Frankel, Zeit. f. physiol. Chemie xx, 219. 

3 Annalen covi, 252. 

* A soda-water bottle with a screw stopper placed in a bacteriological sterilizer does 
very well. 

5 Here as in most syntheses by this method the success of the reaction depended upon 
the anhydrous condition of the aluminium chloride. 
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coloured residue was thrown into excess of iced water, the mixture 
acidulated with HCl and extracted with ether. The residue left 
after driving off the ether and carbon bisulphide from this extract was 
then boiled 16 hours with strong aqueous potash solution under a 
reflux. Unchanged dimethyl-hydroquinone was next removed by wash- 
ing thoroughly with ether. On acidulating with sulphuric acid a 
slight quinone smell was perceptible and a brown precipitate formed. 
The mixture was then extracted with ether and the extract, after 
washing and dehydration, evaporated. That the residue contained 
dimethyl-homogentisic acid was proved by the abundant crystalline 
precipitate almost insoluble in water which a small portion gave with 
HNO, on a water-bath’. 

3. Homogentisic acid C,H(OH),CH,COOH. 

The original hydroxyl groups were now restored by heating to 150° C, 
for an hour in a sealed tube with red phosphorus and fuming hydriodic 
acid. The hydriodic acid was then driven off, the residue extracted 


with hot water, this extract made alkaline* with potash (producing 


immediate darkening), acidulated and extracted with ether. The 
extract after dehydration was evaporated and the residue taken up in 
water. From this the lead salt was prepared by treating when warm 
with saturated neutral lead acetate solution, filtering’, and allowing 
filtrate to stand a few days in an ice chest. The crystalline lead salt 
was washed with cold water, powdered, dried between filter paper and 


an estimate made in a portion of the water of crystallisation and the 


amount of lead present. 


0:3777 gr. lost 0°0347 gr. water = 9°18 °/, (calculated = 9:08 °/,). 

The remaining 0°343 gr. when heated with H,SO, in a porcelain crucible 
placed in a reverberating furnace, yielded 0°1925 gr. lead sulphate = 38:33 °/, 
Pb (calculated = 38°26 °/,). 


Another portion of the lead salt was suspended in ether and H,S 
bubbled through the mixture‘. The etherial filtrate when allowed to 
evaporate spontaneously deposited stellar and arborescent aggregates of 
crystals which gave all the qualitative reactions of homogentisic acid. 
Yield = less than one per cent. 


1 Wolkow und Baumann, loc. cit. 

2 As anhydride was probably present. 

8 The presence of a slight precipitate showed that traces of other acids, due possibly 
to removal of CH, groups in the Fried] and Crafts’ process, were present. 

‘ Orton and Garrod. Journal of Physiology xxv1, 93, 1901. 
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On the action of Chloroform, Ether, Alcohol and Acetone 
) upon the excised mammalian heart. By F. W. TuNNICLIFFE and 
QO. RosennEem. (Preliminary Communication. ) 


(From the Pharmacological Laboratory, King’s College, London.) 


: So far as we are aware no experiments have been made upon the 
action of the above substances upon the excised mammalian heart’. 
| Method. The method used was identical with that described by 
| Locke at the International Congress of physiologists at Turin in 1901, 
d _ except that the nutrient fluid was oxygenated in bulk before the 
| beginning of each experiment. The poisons to be experimented with 
| were accurately weighed out and then dissolved in the oxygenated 
nutrient solution. All precautions were taken to avoid evaporation 
during the experiments. The solutions were made up freshly for each 
experiment. The pulsations were registered in the usual manner. 
The load on the heart remained constant throughout the experiments. 

A. Chloroform. The chloroform used was Duncan and Flockhart’s 
pure chloroform as issued for anesthetic purposes and fulfilling the 
requirements of the British Pharmacopoeia. 

Very dilute solutions up to 1: 25,000 when perfused through 
the heart even in small quantities (eg. 12 cc: of a solution of 
1: 100,000, 1.e. 0°12 mgs. of chloroform) caused slowing of the heart 

and slight increase in the amplitude of the pulsations. The hearts 
so affected could always be brought back to the normal by perfusion 
with the unpoisoned nutrient solution. Stronger solutions, from 
1; 10,000, also in very small quantities, caused slowing of the heart, 
sometimes irregularity, but always marked diminution in the amplitude 
of the pulsations. In the case of solutions of 1: 1000, 5 cc. 1.e. 5 mgs. 
of chloroform caused stoppage of the heart in diastole. Even in this ~ 
latter case, however, the heart could. be recovered in a relatively 
short time by the perfusion of unpoisoned nutrient solution. 

In view of the work of Schmiedeberg and Pohl* upon chloroform 
and that of Franz’ upon ether, which tends to show that these 

_ substances, when circulating in the blood are more or less attached to 

1 Hedbom’s results (Skand. Arch. fiir Physiol. 1899. 22) with chloroform are complicated 
by the presence of caffeine and chloral; he further used as a nutrient solution blood 
diluted with physiological saline solution. As Hedbom himself points out no great weight 
must be attached to the anomalous result he obtained in his experiment. 


2 Archiv fiir exp. Path. u. Pharm. 1891. 255. 
3 Franz Dissert. Wirzburg 1895. 
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its fatty constituents, especially lecithin and cholesterin, we thought 
it would be of interest to examine the effect of chloroform upon the 
heart, when lecithin was present in physiological quantities (up to 
0°2°/,) in the nutrient fluid. The experiments we made showed that 
the action of chloroform upon the heart was not altered in kind in the 


presence of lecithin, but that the effect produced by relatively strong 
solutions of chloroform was somewhat delayed by it. 


B. Ether. We did not succeed even when using solutions of ether 
of the strength of 1: 500, in stopping the heart. The effect of weak 
and strong solutions alike was to produce at first slight irregularity and 
slowing, but the effect was quite transient. 

C. Alcohol. Solutions of alcohol of 1: 500 produced a transient 
slowing and very slight irregularity of the heart, much less marked 
than in the case of ether. The heart could be perfused for a relatively — 
long time with this solution without. — any further alteration 
in action. 

D. Acetone. Solutions of acetone 1:500 behaved similarly to 

A striking feature of the above results is the practical identity 
between the quantities of chloroform shown by us to seriously affect 
the living heart and those found by Pohl (loc. cit.) in the blood of 


- animals fully narcotised by this substance. According to our experi- 


ments, for instance, solutions of 1:5000 and 1:2500 (0°02—0°04°/,) 
affect the heart seriously, whilst Pohl gives the amount of chloroform 
present in the blood of fully narcotised animals as 0°018 to 0°04°/,. If 
this limit be exceeded, stoppage of the heart quickly results and Poh! 
shows that in animals the hearts of which were paralysed by chloroform, 
this substance was present to the extent of 0°06°/, Both Pobl’s and 
our results show how small the difference is between the amount of 
chloroform which is just borne by the heart in narcosis and that which 
causes stoppage of it. | 

Our results with ether taken in connection with those of Franz 


(loc. cit.) are also of interest in that they show that the amount of ether 


in the blood of animals narcotised with it does not affect the heart to 
any serious extent. Franz found in the blood of etherised animals 
0°05 °/, of ether, .e. 1 : 2000, whilst we were unsuccessful in producing 
any serious effects on the heart even with solutions of 1: 500. 

In conclusion we should like to point out that the above method is 
exceedingly well adapted for the determination of physiological 
impurities in chloroform and may be of value in this connection. 
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The action of chloroform upon the heart and blood vessels. 
By E. A. and H. J. ScHaRLIEs. 


(From the Physiological Laboratory of the University of Edinburgh.) 


The action of chloroform upon the mammalian heart. We have 
lately again investigated the action of chloroform, both inhaled into the 
lungs and injected into the blood vessels in solution in normal saline, 
upon the heart in the dog. We have nothing to add to what is already _ 
known regarding its immediate effect upon the heart and circulation. 
As has been abundantly shown by the researches of Gaskell and 
Shore, McWilliam, L. Hill, Embley, and many other observers, 
the drug has a markedly depressant effect upon the action of the heart, 
eventually bringing this to a complete standstill. This effect is entirely 
independent of its action upon the respiratory centre. What we wish 
_ especially to insist upon is the specific nature of the action of the drug 
upon cardiac muscle in mammals. 

After the heart has been brought to a standstill as the result of 
inhaling a mixture of chloroform and air containing a large proportion of 
chloroform vapour—and this condition of standstill may occur almost 
instantly, but is more common after the lapse of a minute or more—the 
condition of the cardiac muscle is such that no kind of stimulation 
applied to it, directly or indirectly, will elicit any response; the heart 
being in a condition of diastole with the cavities more or less filled with 
blood and remaining permanently in this condition. This state of the 
heart is that which has been termed by some authors “ paralytic 
dilatation.” It appears to us, however, that it is more than a condition 
of mere paralysis, for a paralysed muscle will still respond to direct 
stimulation. Mere paralysis would be such a condition as is associated 
with cessation of rhythm, the heart being still irritable to extraneous 
stimuli. But the condition of which we are speaking is one in which 
the irritability of the heart has disappeared, the cardiac tissue being in 
a permanently refractory state, associated not with systole, as in the 
ordinary refractory phase, but with diastole. It might almost be 
described as a condition of death of the tissue—precedent of course to 
rigor—but it is not actual death, for in many, if not in all cases, as the 
heart begins after some lapse of time (the circulation through its 
vessels having of course long ceased) to pass into the state of death, the 
transition may be marked by slight flickering or more or less localized 
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contractions, which are quite inefficient to drive the blood out of the 
cavities but which indicate that the tissue is not killed by the drug. 
It appears to us that this condition of the cardiac tissue, which is 
produced by the action of strong chloroform vapour and which renders — 
the employment of that drug so especially dangerous in inexperienced 


hands, is rather to be regarded as one of excitatory inhibition than as a 


paralytic state. The absolutely refractory nature of the condition points 
strongly to this—resembling as it does the condition into which cardiac 
tissue is brought during excitation of its inhibitory nerves, - That it is 
not however brought about by an action upon the eardio-inhibitory 


centre nor upon the endings of the vagus fibres within the heart is shown 


by the fact that it will eventually occur after section of both vagi and 
even after doses of atropine sufficient to paralyse all vagus action. 
That it is really nevertheless due to an excitation of the terminal 
inhibitory mechanism—whatever this may be, whether nervous or 
inherent in the cardiac muscle tissue itself—is indicated by the fact that 
although the heart is brought into this absolutely inexcitable condition 
by chloroform, no other kind of muscle in the body is similarly affected— 
both the skeletal and the visceral muscles responding as usual to stimuli 
applied to them. And since the main physiological distinction between 
cardiac muscular tissue and ordinary muscle is the possession by the 
former of an inhibitory mechanism which is altogether absent in skeletal 
muscles and which if present in visceral muscles is far less readily 
affected by external agencies such as drugs than cardiac muscle, the 
conclusion appears natural that it is this inhibitory mechanism which is 
brought into play by the action of chloroform. 

The action of chloroform upon the blood vessels. With regard to the 
action of chloroform upon the blood vessels, it appears to be the almost 
universally received opinion of physiologists who have devoted attention 
to the action of this drug that it produces dilatation of the arterioles 
(although both Gaskell and Shore, and Martin and Embley got a pri- 
mary constriction, which they ascribed to the excitation of the vasomotor 
centre in the medulla oblongata by the drug), We have not however been 
able to find out upon what direct evidence this opinion is based. No 
doubt the administration of chloroform is attended by a marked fall of 
blood-pressure, but we have failed to get any evidence in our experi- 
ments upon dogs that this fall of blood-pressure is not wholly due to the | 
depressing action that it exerts upon the heart: and our perfusion 
experiments upon the frog—animals being employed (a) in which the 
central nervous system was entirely destroyed, and (6) others in which 
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the central nervous system with the exception of the cerebral 
hemispheres had been left intact—conclusively show that this drug so 
far from producing dilatation causes extremely marked contraction of 
the arterioles. In these experiments the perfusion has been performed 
with normal saline (Locke’s) which has been mixed in varying pro- 
portions with saline solution saturated with chloroform. Whether the 
amounts of chloroform-saline added were relatively small (eg. one part 
chloroform-saline to ten parts normal saline), or even if the chloroform- 
saline were used undiluted (containing probably one part of chloroform 
to 200 of saline), the results have been similar. Provided that the’ 
perfusion of the chloroform-saline has not lasted for too long a time, in 
which case a large amount of cedema is produced, the arterioles again 
pass into a condition of comparative dilatation on resubstituting normal 
saline for the saline containing chloroform, and this result can be 
alternated several times. It is therefore certain that, in the frog at 
least, the action of chloroform is to produce orn and not 
of arterioles, 


PAPERS REFERRED TO. 


Gaskell and Shore. Brit. Med. Journ. 1. pp. 105 etc. 1893. 

J. McWilliam. Journ. Phys. xxv. No. 4. 
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Embley. Brit. Med. Journ. 1. pp. 817 etc. 1902. See also 0. J. Martin. 
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Intensification of visual Sensation by smoothly graded 
Contrast. By W. McDovuGALL. 


The phenomenon to which I wish to draw attention has presumably 
been observed frequently, but I do not know that any note upon it has 
been published. If a star be cut out of white card or paper, of form of 
Fig. 1, and whirled on the colour wheel against a dark ground, there 
appears a white disc, corresponding to the central part of the star, 
surrounded by a zone of grey diminishing in brightness toward the 
periphery. But the grey zone is separated from the white centre by a 
white band considerably brighter than the centre. The brightness of 
this band varies with the proportions of the star, but under favourable 
conditions it exceeds the brightness of the white centre by an amount 
that is equivalent to an addition of about 30°/, to the intensity of the 
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physical stimulus supplied by the white centre. The bright band 
shades off rapidly on either side into the white centre and the grey zone. 
That it is purely subjective is proved by the fact that, when the eye is 
carried to various distances from the disc, the width of the band continues 
to subtend approximately the same angle, while, of course, the objective 
features of the disc subtend smaller angles the further the eye is carried 
from the disc; the bright band therefore appears relatively wider the 
further the eye is from the disc. That the bright band depends in some 
way on the presence of the grey zone diminishing in brightness 
peripherally, is shown by rotating two similar white stars side by side, 


and then cutting away by a series of circular cuts concentric with the 
star, more and more of the peripheral ends of the rays of one star. 


On rotation after each such operation, the bright band upon the disc 


with shortened rays appears less and less bright than the bright band 
upon the unaltered disc, until, when only a small part of the rays 
remains, it ceases to be distinguishable with certainty. 

The periphery of the grey zone, on the other hand, is separated from 
the dark grey of the background by a black band. This is of about the 
same width as the bright band that separates it from the white centre, 
and, like that band, it remains approximately of constant width as the 
position of the eye is varied. 

While the intensity of the stimulus increases from the periphery of 
the star to the edge of its white centre and from that point to the 
centre remains constant, the intensity of the sensation is heaped up at 
the top of the slope of sensation, the brightest or highest part of the 
slope gaining in intensity at the expense of all the less bright parts. 
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This seems to imply that (considering the retino-cerebral elements 
corresponding to any radial band of the shaded grey zone) each retino- 
cerebral element gains something at the expense of its less intensely 
stimulated peripheral neighbour and loses still more to its more intensely 
stimulated central neighbour. I regard the phenomenon as evidence 
that the more intensely stimulated nerve tract inhibits the less intensely 
stimulated by draining from it some part of the living energy set free 
in it. 

An interesting variation of the experiment consists in cutting the. 
white star of the shape shown in Fig. 2. This on being whirled on a 
dark ground exhibits a bright circular band about the position b and a 
much fainter one about c. The band at b is very distinctly brighter 
than any part of the zone between b andc. The peripheral part of the 
slope of sensation is here steeper than the central part, and we see that 
the sensation-intensity is heaped up principally at the top of the steeper 
part of the slope. In this way several concentric bright bands may be 
made to appear in the grey zone, each one occupying a position at the 
top of a section of the slope of sensation, that is steeper than the section 
adjoining it centrally. 
| A dise constructed to give a slope of sensation rising from the centre 

outwards, exhibits a similar bright band separating the grey zone from 
the white ground. | 


On the rhythm of post-tetanic tremor. By D. F. Harris. 


The onset of a tremor (due to fatigue) prevents the curve of 
complete tetanus being indefinitely maintained smooth. (Muscles used 
have been gastrocnemius and hyoglossus of R. esculenta.) This is so, 
whether the muscle is stimulated directly or indirectly, and whether 
curarised or not. In some experiments the muscle was after-loaded, in 
others, it bore the weight throughout the experiment. (In the majority 
of the experiments, one bichromate cell and the side wire were used: 
the secondary coil was at 20 cms. to begin with.) 

The time during which the curve remains smooth varies considerably, 
from a minimum of 7°5 secs. toa maximum of 40 seconds. After the initial 
complete tetanus, the tremor that sets in can be recorded without 
change of rhythm for a relatively long time (10 to 30 minutes), the rate 
and intensity of stimulation remaining constant. It is a fatigue tremor ; 
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with indirect stimulation, the minimum observed was 3 per sec., the 


maximum 7 ; with direct, the minimum was 2 per sec., the maximum 5. 
An average rate of 3 to 4 per sec. has no — relation to that of 
the interruptor (Neef’s hammer). 
The magnitude of the weight does not seem to influenee the rhythm. 
In profoundly curarised muscles, the rhythm is from 1°5 to 2 per sec.; 


the poison has diminished the molecular mobility of the protoplasm. — 


There is no question here— 

(1) of rhythmic or other discharge from cells of the central 
nervous system ; 

(2) of any compounding of the tremor of an antagonistic muscle 
or muscles ; 

(3) of drying of the nerve. 

It is-a phenomenon of rhythm in fatigued but not exhausted — 
muscles; not exhausted, as long as increasing strength of stimulus can 
again elicit complete tetanus. 

The variations in the intensity of the tremor ven moment to 
moment—giving more or less irregularity in amplitude in the tracing— 
seem to be due to incoordinate action between the various fibres, and 
possibly also to inequality in the strength of the shocks: this latter 
factor is, however, without influence on the periodicity of the tremor. 

The stimuli are now evidently submaximal, but can at once be made 
maximal by pushing up the coil one or two cms., when the tremor — 
disappears and the tetanus is once more “complete”; before long, the 
tremor will have appeared with the same rhythm as before. This 
procedure may be repeated several times; but as fatigue becomes more 
pronounced, the energy of the tremor rapidly diminishes which, of 


course, affects the distinctness of the tracing. 


Fig. 1. R. esculenta, gastrocnemius, post-tetanic fatigue tremor, indirect stimulation. 


The periodicity of this tremor, as estimated in a very large number 
of records, varies between 3 and 4 per sec. Fig. 1 is a typical tracing 
of this tremor, the portion photographed is of a tremor that was 
recorded for 20 minutes. 
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A simple form of switch-commutator. By M.D. 


The instrument described here is specially intended for use in large 
classes of students and possesses certain advantages over Pohl’s ap- 


_ paratus, viz :—no mercury connections, simplicity in tracing the direction 


of the current. 

It consists of a vulcanite slider with bevelled edges moving between 
wooden runners. These runners have each one binding-screw at the 
middle from which a strip of brass is carried inwards and bent down- 
wards so as to form part of the surface against which the slider moves. 


At each end of the slider are two binding-screws with similar strips of 
brass which run outwards and downwards to form part of the bevelled 
edge of the slider and which are slightly sprung outwards so as to press 
against the walls of the runners. The whole instrument is fixed to the 
edge of the table by a clamp. By moving the slider to one or other 
end of the slot the two pairs of binding-screws which it carries may be 
alternately put into connection with the binding-screws on the runners. 
These latter receive the leading-in wires. 
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Uses. 1. As a commutator. | 
A pair of electrodes is used with sufficient wire laid bare to stretch 
from corner to corner of the slider, care being taken that no contact is 


made at the crossing. The reversing of the current in the two — 


of the slider is obvious. 

2. Asa switch. 

Two pairs of electrodes are attached one to each pair of ~— 
screws at ends of the slider. 

3. As a short-circuit key if necessary. Join two of the binding- 
screws at one end of the slider by a short thick wire and attach the 
electrodes to the other pair of binding-screws. 

The instrument may be had from Mr John Ednie, mechanician to 
the Physiological Department, Edinburgh University, at ten shillings 


each. 
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The physiological action of somnoform and of 
By Sypney W. Cote. 


Somnoform is a mechanical aieioie containing 65 parts of ethyl 
chloride, 30 parts of methyl chloride and 5 parts of ethyl bromide, which 
has recently been introduced as an anesthetic for minor operations, 
To investigate its physiological action I have performed 12 experiments 
on rabbits, 3 on cats and 5 on pithed frogs. In the case of the 
mammals the preliminary operations were carried out under ether, 
chloroform or the A.C.E. mixture, the somnoform or ethyl bromide being 
administered by the tracheal tube. Artificial respiration was main- 
tained during the experiments on the heart. The chief results are 
given below. Except where stated, the difference between the action 
of ethyl bromide and of somnoform was one of degree only. | 

Respiration. Somnoform markedly increases the size and rate of 
contraction and the tone of the diaphragm. With large doses death is 
caused by stoppage of the diaphragm, which remains in a state of strong 
tonic contraction, the heart still beating strongly. This effect is 
obtained after section of the vagi, and is therefore due to an action 
on the respiratory centre. 

Carotid blood-pressure. -With small doses a rise is obtained, 
accompanied by an acceleration of the heart. With large doses, and 
especially after section of the vagi, a gradual fall takes place. 

The heart. The action on the heart was investigated by an 
examination of blood-pressure tracings, and by directly recording the 
contractions of the auricle and ventricle. 
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- With intact vagi the rate is increased, followed by a slowing as the 


dose is increased. With the vagi cut, the usual effect is a slowing, the 
more pronounced the larger the dose. Sometimes an initial acceleration 
is seen. The acceleration with intact. vagi is mainly due to a paralysis 
of the vagal nerve-endings by the ethyl bromide, either when ad- 
ministered alone, or in the somnoform. During anesthesia produced 
by these substances it is impossible to affect the heart by stimulation 
of the peripheral end of the cut vagus. The paralysis lasts about a 
minute after the cessation of the inhalation. From experiments on the 
frog’s heart, I find that the ganglion cells or pre-ganglionic endings are 
paralysed, the post-ganglionic endings of the vagus being unaffected 
even by dropping pure ethyl bromide on the heart for two minutes. 
Ginsburg (Jnaug. Diss., St Petersburg, 1893) states that the vagus 
endings are unaffected by ethyl bromide, and attributes the quickening 
of the heart to the excitation of the accelerators, either peripherally or 
centrally, I have seen a slight acceleration two or three times after 
section of both vagi in the neck, and consider this as probably due to a 
stimulating action on the accelerators. In the frog I was unable to detect 
any increased susceptibility of the cut sympathetic to electrical stimula- 


tion after painting the heart with a solution of ethyl bromide. 


The strength of contraction is always decreased by somnoform and 
ethyl bromide, but not markedly except with large doses. 

The conduction at the auriculo-ventricular ring is depressed by large 
doses, the ventricle beating at half the rate of the auricle. 
_ Further remarks. I was unable to. detect any effect on the vaso- 


motor system. 


The animal usually pee sometimes violently, even when it is 
impossible to obtain the slightest corneal reflex. Often the limbs, tail 
and jaws are thrown into regular rhythmic movements. Muscular 
relaxation is seldom complete, except with large and dangerous doses. 

The pupil is at first dilated, and then constricted. 


Colloidal solution. The globulin system. By W. B. Harpy. 


The experiment which is shown illustrates how by the use of a 
simple apparatus devised by Nernst measurements for calculating the 
rate of movement of a globulin in an electric field may be- obtained, 
and, generally, the electrical state of the globulin may be determined. 
The globulin which is used was precipitated from diluted ox serum by 


‘acetic acid and purified by re-solution and precipitation. It has been 
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dissolved by the addition of j,th normal acetic acid and now forms the 
lower layer in the cell; the upper layer is a solution of acetic acid of 
the same concentration. When the field is established the opalescent 
proteid is seen to move with uniform velocity from the anode towards 
‘ the cathode, It is therefore electro-positive. 

The result of these and other experiments may be grouped under 
two headings—qualitative results: quantitative results. 

Qualitative results. Globulins form three systems when in solution : 
(1) in presence of acids when they are electro-positive, (2) in presence of 
alkalies when they are electro-negative, and (3) in presence of neutral 
salts when they are electrically inactive. The third system therefore 
introduces us to an entirely new type of colloidal solution—one in — 
the colloid particles are uncharged. 

The amount of neutral salt reckoned in equivalents necessary to 
produce the same degree of solution of one gram of dry globulin varies 
for different salts, and for the same salt in an exceedingly complicated 
way. Salts however have a much smaller solvent power than acids or 
alkalies (such figures as 500 to 1 will roughly express the relation). 

The three systems are incompatible—that is to say the addition of 
electro-positive to electro-negative globulin, or of either to electrically 
inert globulin, produces partial or complete precipitation ; and, when the 
~ eonditions are such that an interface exists between any two of the 
systems, a membrane is formed which, on Traube’s law, would sever 
completely all the components of one system from all the components . 
of the other. Similarly a neutral salt added to electrically active 
globulin decreases the charge on the particles and, if in sufficient 
quantity, will destroy it and so cause precipitation. Salts act according 
to the law which I have shown to govern the case when neutral salts | 
are added to electrically active colloidal solutions, namely—the active 
ion is of the opposite electric sign to that of the colloid particles. The 
coagulative energy of a salt is an exponential function of the valency 
of the active ion, so that it might be written C=‘ where k is a 

constant. 
| The proteid of blood serum is electrically inactive—it will not move 
in a field. It can however be made to move by appropriate treatment,. 
and the character of the movement is such as could hardly be exhibited 
by a mixture of various colloids—in other words the experiments 
suggest that only one proteid is present in serum and not several 
proteids, 

Quantitative. The velocity of electro-positive globulin in a field of 
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unit potential gradient has a singularly constant value—it is at 13 
20 x 10-* cm. per second. This is of the order of the velocity of bivalent 
ions such as the calcium ion in a solution of 0-1 equivalents of salt per 
litre. The globulin particles vary in size according to the number of 
equivalents of acid present: when the number is large enough (80 x 10-° 
equivalents of acetic acid to one gram of dry globulin) the particles are 


small enough to diffract a blue light; as the number of equivalents falls — 


the diffracted light becomes whiter until an opaque dead white fluid is 
produced. These stages can be passed through by gradually adding the 
electrolyte, or by dialysing it away, and in all the stages down to as low 
as 10 x 10-* equivalents of acetic acid (much less in the case of stronger 
acids or alkalies, e.g. 1 x 10~* or less of HCl to 1 gram dry proteid) 
there is at each stage a perfect colloidal solution—that is to say no 
precipitation occurs on standing even though the particles be large 
enough to diffract pure white light. 

From the blue transparent stage down to the opaque white stage the 
velocity of the proteid particles in a field of unit potential gradient i is 


the same. Therefore the velocity is independent of the size of the 


particles, and as by Stokes’ theorem the resistance to the movement of 
small spheres through a viscous fluid varies directly with the radius, it 
follows that the electric charge on the proteid particles must vary directly 
with the radius. When the concentration of the globulin is very low 
(< 5 grams per litre) the velocity falls. Therefore dilution produces an 
effect the opposite to what it does on electrolytes, where it always 
increases the velocity of the ions. | 
Throughout all these relations between acid or alkali and proteid it 
is obvious that there are no definite points of equilibrium corresponding 
to definite chemical compounds—to chlorides, acetates, proteates &c.— 
just as there is no definite heat of neutralisation of silicic acid by alkali. 
The effect of the globulin upon the conductivity of electrolytes brings 


into prominence the same indefiniteness. Globulin added to a solution | 


of electrolyte diminishes its conductivity as follows :— 


HCl diminished 75°/, 
HA 10 ,, 
NaOH 65 ,, 


These values are independent of the proportion of waa to globulin 
within the limits from a transparent blue solution down to a white 


opaque solution. 
_ These various constants seem to differ for globulins from different 
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animals, Their values are least for the dog, highest a the pig, and 
about the same for sheep and ox. 

The properties of globulins in solution seem to justify the following 
view. They are not embraced by the theorem of definite and multiple 
proportions. Therefore they are conditioned by purely chemical forces 
only in a subsidiary way. A precipitate of globulin is to be conceived 
not as composed of molecular aggregates but of particles of gel. I have 
shown elsewhere that gelation and precipitation of colloidal solutions are 
continuous processes. These particles of gel when suspended in a fluid 
containing ions are penetrated by those ions. Let the fundamental 
assumption be that the higher the specific velocity of an ion the more 
readily will it become entangled within the colloid particle. Then as H 
and OH ions have by far the highest specific velocity, the colloid particle 
will entangle an excess of H. ions in acid and thereby acquire a + charge, 
and of OH ions in alkali and thereby acquire a— charge. These charges — 
will decrease the surface energy of the particle and thereby lead to 
_ changes in their average size. 

The diminution in the conductivity of adn or alkalies is due to the 
loading of the H or OH ions in this way, in much the same way 
that electrons travelling through certain gases load themselves with 
impurities, Or, to make the more general comparison, the ion has 
somewhat the relation to the colloid particle that the electron has to 
the atom. 

In presence of a neutral salt with ions of approximately the same . 
velocity, the globulin particles are loaded with both ions. The particles 
therefore have no resultant charge, though the conductivity of the salt 
is slightly diminished. In this case what might be called the energy — 
of solution is obtained by decreasing + _ kinetic energy of the system 


RAc *_~ R + Ac. 


The action of salts of radium upon globulins By W. B. 
Harpy. 


Two solutions of globulin from ox serum were used, one since. 
positive made by adding acetic acid, the other electro-negative made by 
adding ammonia. 

They were exposed in shallow cells one wall of which was made of 
thin mica to the radiations from 50 milligrammes of pure radium 
bromide enclosed in a capsule covered with mica, so that two sheets 
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of mica were interposed between the radium and the solution, No 
action took place in one hour. 

The globulin was then exposed as naked drops separated by 3 mm. 
of air from the radium salt, with suitable controls shielded from the 
radium, 

In the + solution the opalescence rapidly diminished—that is to say, 


solution became more complete. The — solution was turned to a jelly, 


at first transparent, rapidly becoming opaque. The action was complete 
in about 3 minutes. 
Radium like other radio-active bodies gives off matter in three states: 


(1) an emanation having the mobility of a heavy gas, (2) positively 


charged particles of little penetrating power and relatively large size, 
(3) ultramaterial negatively charged particles of a size much smaller 
than atoms. A mica plate will screen off 1 and 2, therefore the globulin 
solutions are unaffected by the ultramaterial negative particles. The 
rate of action and conditions of the experiment make it unlikely that 
the emanation was the active agent, though, owing to its nature, intense 
solvent or coagulating power may safely be predicated of it. The action 


observed was almost certainly due to the + particles. These are of 


material dimensions. 

Globulin systems therefore seem to be completely transparent to the 
ultramaterial electrons and so too probably are the living tissues, since 
the physiological influences of the discharges from radium seem to be 


. limited to a superficial layer a few millimetres deep. 


The experiments were carried out by the kindness of Sir Williani 
Crookes in his laboratory and with his assistance. 


A method of staining sections quickly with picro-carmine. 


By W. Freeman. (Communicated by J. N. LANGLEY.) 


Picro-carmine as ordinarily used stains sections slowly, and at times — 


this is a considerable drawback to ite use. By the following method 
the staining is complete in a few. minutes. The staining is almost 
entirely that of carmine, but the pieric acid can easily be added by 


passing the sections through alcohol . tinged with picric acid in the 


usual way for successive double stains, 

The tissue used has been chiefly the central nervous system. The 
hardening agents have been Miiller’s fluid, potassium bichromate, 
Weigert’s chrome-alum mixture, and formalin, In each case the 
tissue can be taken from the hardening agent, sections cut with the 
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‘ freezing microtome, washed with water and at once stained, but the 
staining is naturally better if the tissue after hardening has been 
kept in alcohol, and the excess of hardening agent extracted. 

The picro-carmine solutions used have been Bourne's and Hoyer's 
Meyer's carmalum did not give satisfactory results. 

1. To 1 vol. of Bourne’s picro-carmine 9 vols. of 0°2 p.c. acetic acid — 
- are added, the mixture is filtered, preferably after boiling. The sections 
are placed in the dilute picro-carmine, which is then heated quickly just 
to boiling point, and allowed to cool. As the fluid cools, the sections 
stain; they are at their best in 3 to 4 minutes.. Water may be used 
inhi of dilute acetic acid, but the effect is not so good; the addition 
of acetic acid to picro-carminé in certain conditions has been recom- 
mended by Weigert. 

2. To 1 vol. of Hoyer’s picro-carmine (solution made as directed by 
Hoyer) 19 vols. of water (best distilled) are added. The sections are 
treated as above, but the staining is slower, taking 10 to 15 mins. 
instead of 3 or 4. For thick sections, 4 vols. only of water should be 
added to 1 vol. of picro-carmine, and the sections may be boiled in this 
mixture for 2 to 3 minutes. 

It may be added that sections hardened in chrome-alum, in which 
the medullated nerve fibres have been stained (Heller-Robertson 
method), can also be stained with carmine by the methods given above. 
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